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A B S T R A C T
P r o c e s s e s  l e a d i n g  to  l and  loss  in L o u i s i a n a  a r e  d e f i n e d  
m e a s u r e d  a n d  a n a l y z e d  w i t h  s p e c i a l  e m p h a s i s  on  th e  d e p o s i t e d  
a n d  s u s p e n d e d  s e d i m e n t  b u d g e t s .  T h e  f i n d i n g s  w e r e  u s e d  to  
a s s e s s  c o a s t a l  m a n a g e m e n t  in L o u i s i a n a .  In a spa t i a l  m o d e l  o f  
l o n g  t e r m  h a b i t a t  s u c c e s s i o n ,  the  d e g r a d a t i o n  o f  a L o u i s i a n a  
w e t l a n d  w a s  b a s e d  u p o n  s i m u l a t e d  e x c h a n g e s  o f  s e d i m e n t s  
a c r o s s  i r r e g u l a r l y  s h a p e d  p o l y g o n s .  H a b i t a t  d i s t r i b u t i o n  w i t h i n  
a cel l  w a s  e s t i m a t e d  by  e l e v a t i o n  T h e  m o d e l  f i n d i n g s  w e r e  
c o n f i r m e d  w h e n  the  i m p a c t  o f  t w o  L o u i s i a n a  m a r s h  
m a n a g e m e n t  p l a n s  c a u s e d  r e d u c e d  s h o r t - t e r m  s e d i m e n t a t i o n  
d u e  to  i m p a i r e d  w a t e r  an d  m a t e r i a l s  f lu x .  T h e  s e d i m e n t a t i o n -  
e r o s i o n  t a b l e  ( S E T )  is d e s c r i b e d  and  a p p l i e d  to  a s s e s s  the  e f f e c t  
o f  e x p e r i m e n t a l  s e d i m e n t  f e n c e s  on  the  e l e v a t i o n  
d e v e l o p m e n t s  in in te r t i d a l  a n d  s h a l l o w  s u b  t ida l  a re a s .  T h e  
S E T  is p r e c i s e  to  w i th in  a  1.5 m i l l i m e t e r  r a n g e  S E T  
m e a s u r e m e n t s  m a d e  o v e r  a t h r e e  y e a r  p e r i o d  s h o w e d  a 
s i g n i f i c a n t  e l e v a t i o n  i n c r e a s e  o f  1 .38 c m / y r  at s i t es  c l o s e  to 
s e d i m e n t  f e n c e s ,  a n d  a n o n  s ig n i f i c a n t  d e c r e a s e s  o f  -0 .73  c m / y r  
a t  s i t es  a w a y  f r o m  the  f e n c e s .  T h e  w a v e  t r a n s m i s s i v i t y  
c o e f f i c i e n t  f o r  s e d i m e n t  f e n c e s  is p r e s e n t e d  T h e  p o t e n t i a l  
i m p a c t  o f  L o u i s i a n a  m a r s h  m a n a g e m e n t  a n d  s e d i m e n t  f e n c e s  
on  e l e v a t i o n  c h a n g e s  a n d  s u b s e q u e n t l y  v e g e t a t i o n  
e s t a b l i s h m e n t  w e r e  e v a l u a t e d  w i th  the  use  o f  the  
h y d r o d y n a m i c  s e c to r  o f  the  G e n e r a l  E c o s y s t e m  M o d e l  ( G E M )  
w h i c h  w a s  c a l i b r a t e d  fo r  in te r  t idal  w a t e r  b o d ie s .
T h e  r e s u l t s  o f  th is  r e s e a r c h  a re  i m p o r t a n t  b e c a u s e  t h e y  p r o v i d e  
m o r e  i n s i d e  on the  s e d i m e n t  d y n a m i c s  o f  c o a s t a l  w e t l a n d  
s y s t e m s  a n d  the  p o t e n t i a l  i m p a c t  o f  d i f f e r e n t  m a n a g e m e n t  
o p t io n s .  T h e  s im u l a t io n  m o d e l s  a r e  d e s i g n e d  to p r e d i c t  spa t i a l  
c h a n g e s  and  p o t e n t i a l l y  c a n  be u s e d  to  d e v e l o p  d y n a m i c  
g e o g r a p h i c  i n f o r m a t i o n  s y s t e m s  ( G I S )
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IN T R O D U C T IO N
C o a s t a l  l and  lo ss  is o n e  o f  the  m o s t  s e r io u s  p r o b l e m s  f a c e d  by  the  
s t a t e  o f  L o u i s i a n a  to d ay .  L o s s  r a t e s  as h igh  as  120  k m ^  o f  c o a s t a l  
w e t l a n d s  p e r  y e a r  h a v e  b e e n  r e p o r t e d  as  a r e s u l t  o f  n a t u r a l  an d  
h u m a n  i n d u c e d  p r o c e s s e s  ( G a g l i a n o  e t  al.  1981 ;  B a u m a n n  a n d  
D e L a u n e  1982;  T u r n e r  a n d  C a h o o n  1987;  P e n l a n d  e t  al .  1990) .  
A l t h o u g h  c o a s t a l  w e t l a n d  loss  is a g lo b a l  p r o b l e m  d o c u m e n t e d  on 
m a n y  c o a s t s  ( M i l l i m a n  et al. 1989;  Je f t ic  e t  al. 1992;  T o o l e y  and  
J e l g e r s m a  1 9 92 ;  S t a n l e y  an d  W a r n e  1 9 9 3 ) ,  L o u i s i a n a  r e p r e s e n t s  
o n e  o f  the  w o r s t  ca ses .  T h e  s ta te  c o n t a i n s  m o r e  than  4 1 %  o f  the  US 
c o a s t a l  w e t l a n d s  b u t  8 0 %  o f  t h e  to tal  c o a s t a l  w e t l a n d  lo ss  ( T u r n e r  
a n d  C a h o o n  1987) .  W e t l a n d  lo ss  m a y  b e c o m e  w o r s e  as  0 .5  to 1 
m e t e r s  o f  r e l a t i v e  s e a  l eve l  r i s e  is e x p e c t e d  o v e r  t h e  n e x t  c e n t u r y  
( T u r n e r  1991) .  S t u d ie s  i n d i c a t e  tha t  g lo b a l  w a r m i n g  wi l l  c a u s e  an 
a c c e l e r a t i o n  in the  r a t e  o f  e u s ta t i c  s ea  leve l  r i s e  ( W a r r i c k  an d  
O e r l e m a n s  1990;  B i rd  1993) ,  w h i l e  in a d d i t i o n ,  d e l t a i c  a r e a s ,  l ike  
t h e  M i s s i s s i p p i  d e l t a  a r e  s u b s i d i n g ,  t hus  e x a c e r b a t i n g  the  p r o b l e m  
o f  e u s ta t i c  sea  level  r is e  ( Je f t i c  e t  al. 1992) .  O t h e r  c a u s e s  
d o c u m e n t e d  i n c l u d e  the  d r e d g i n g  o f  c a n a l s ,  b u i l d i n g  o f  s h o r e  
p r o t e c t i o n  s t r u c t u r e s ,  a n d  r e d u c e d  s e d i m e n t  l o a d s  in t h e  f r e s h  
w a t e r  s o u r c e s  c a u s e d  by r i v e r  c o n t r o l  s t r u c t u r e s  a n d  f l o o d  
p r o t e c t i o n  ( B a u m a n n  and  A d a m s  1981;  T u r n e r  a n d  C a h o o n  1 9 8 7 )  .
E i g h t y  p e r c e n t  o f  the  w o r l d  p o p u l a t i o n  r e s i d e s  in the  c o a s t a l  z o n e ,  
t h e r e f o r e  co a s t a l  l a n d  lo ss  ha s  the  p o t e n t i a l  f o r  l a r g e  e c o n o m i c  but  
a l s o  e c o l o g i c a l  d i s a s t e r s  ( G o r n i t z  et  al. 1982) .  S u c h  d i s a s t e r s  are  
a l r e a d y  d o c u m e n t e d  f o r  B a n g l a d e s h  ( M i l l i m a n  et  al.  1 9 8 9 )  a n d  
E g y p t  ( S t a n l e y  and  W a r n e  1993) .  S a l t  m a r s h e s ,  o f t e n  c r e d i t e d  fo r  
t h e i r  i m p o r t a n c e  in f i s h e r i e s  a n d  n a tu r a l  s h o r e l i n e  p r o t e c t i o n  
( N i x o n  1980;  T u r n e r  1982 ) ,  a re  no t  l ike ly  to  m i g r a t e  l a n d  w a rd  
d u r i n g  the  p r o g n o s e d  sea  l eve l  r i s e s  b e c a u s e  t h e y  a r e  b o r d e r e d  
w i t h  an  i n c r e a s i n g  a m o u n t  o f  c o a s t a l  p r o t e c t i o n  s t r u c t u r e s  
n e c e s s a r y  to  g u a r a n t e e  the  s a fe ty  o f  the  r e s i d i n g  c o a s t a l  
p o p u l a t i o n  ( H a c k n e y  an d  C l e a r y  1987;  P e t h i c k  and  R e e d  1987;  
R i j k s w a t e r s t a a t  1990 ;  W i l l i a m s  et al. 1991) .  M a r s h e s  a re  e x p e c t e d
t o  s u r v i v e  o n l y  in c a s e s  w h e r e  t h e r e  is s u f f i c i e n t  s u p p l y  o f  n e w  
s e d i m e n t s  to  m a i n t a i n  an i n t e r  t idal  e l e v a t i o n  ( H a t t o n  e t  al .  1983 ;  
T e m p l e t  a n d  M e y e r - A r e n d t  1988 ;  D a y  a n d  T e m p l e t  19 8 9 ) .
D e t e r i o r a t i o n  o f  c o a s t a l  w e t l a n d s  is d u e  to  a c o l l e c t i o n  o f  c o m p l e x  
i n t e r a c t i o n s  b e t w e e n  g e o l o g i c a l  a n d  b i o l o g i c a l  p h e n o m e n a  ( C r a i g  et  
al.  1979 ;  G a g l i a n o  a n d  W i c k e r  1989;  P e n l a n d  et  al.  1989;  P e n l a n d  
e t  al.  1990 ;  E v e r s  e t  al. 1 9 9 2 ) .  I n la n d  w e t l a n d  c o n v e r s i o n  to o p e n  
w a t e r  a c c o u n t s  fo r  7 0 - 9 3 %  o f  the  tota l  w e t l a n d  lo ss  ( L e i b o w i t z  a n d  
Hil l  19 8 7 ) ,  w h i c h  a p p e a r s  to be r e l a t e d  to  t h e  p h y s i o l o g i c a l  s t r e ss  
a s s o c i a t e d  w i t h  i n c r e a s e d  s u b m e r g e n c e  a n d  e l e v a t e d  s a l i n i t y  
( M e n d e l s s o h n  a n d  M c K e e  1988) .  F o l l o w i n g  p l a n t  d i e - b a c k ,  s m a l l  
p o n d s  d e v e l o p  in the  i n t e r i o r  o f  the  m a r s h .  T h e  f o r m a t i o n  o f  sm a l l  
p o n d s  in t h e  m a r s h  a l l o w s  f o r  w i n d - g e n e r a t e d  w a v e s  to  d e v e l o p  in 
the  i n t e r i o r  o f  the  m a r s h .
V e r t i c a l  s e d i m e n t  a c c r e t i o n  on  the  m a r s h  s u r f a c e ,  w h i c h  
d e t e r m i n e s  w h e t h e r  o r  no t  the  w e t l a n d  can  k e e p  p a c e  w i t h  r i s i n g  
w a t e r  l e v e l s ,  d e p e n d s  on  the  b a l a n c e  b e t w e e n  e r o s i o n a l  a nd  
d e p o s i t i o n a l  p r o c e s s e s .  S e d i m e n t  d e p o s i t i o n  m a y  o c c u r  
s i m u l t a n e o u s l y  bo th  in s p a c e  a n d  in t im e  w i th  e r o s i o n  a n d  
r e s u s p e n s i o n  ( A n d e r s o n  et  al.  1981 ) .  A l t h o u g h  d e p o s i t i o n  o f  
s u s p e n d e d  s e d i m e n t s  is h ig h  in m a n y  i n t e r  t id a l  a r e a s  in L o u i s i a n a ,  
r e s u s p e n s i o n  o f  t h e s e  s e d i m e n t s  o f t e n  p r e v e n t s  m a r s h  a c c r e t i o n  
f r o m  o c c u r r i n g  ( B a u m a n n  et al. 1984) .  T h e  f o r c e s  a s s o c i a t e d  wi th  
s e d i m e n t  s u s p e n s i o n  in i n te r  t idal  w a t e r s  h a v e  no t  b e e n  
i n t e n s i v e l y  s tu d i e d .  C a s u a l  r e l a t i o n s h i p s  s u g g e s t e d  e r o s i o n a l  
e v e n t s  d u r i n g  s t o r m s  ( B a u m a n n  et  al.  1984 ;  M e e d e r  1987;
R e j m a n e k  e t  al.  1988 ) ,  a l t h o u g h  in i n te r  t id a l  w a t e r  a r e a s ,  g e n t l e  
w a v e s  o r  “ w i n d  r i p p l e s ” c a n  a l s o  c a u s e  a p p r e c i a b l e  r e s u s p e n s i o n  
a nd  e r o s i o n  ( A n d e r s o n  1972;  C a r p e r  an d  B a c h m a n n  1984 ) .  In 
g e n e r a l ,  w a v e s  a p p e a r  to  be m o r e  i m p o r t a n t  in r e s u s p e n d i n g  
b o t t o m  s e d i m e n t s  than  w a t e r  c u r r e n t s  ( G o n s  et al.  1986) .
B e s i d e s  e r o s i o n ,  e l e v a t i o n  can  be lost  t h r o u g h  s u b s i d e n c e  d u e  to  
s u b s u r f a c e  p r o c e s s e s .  T h e  p r o c e s s e s  r a n g e  f r o m  g e o l o g i c a l  d o w n  
w a r p i n g  o f  the  o c e a n i c  c r u s t  to  c o m p a c t i o n  o f  t h e  u p p e r  s e d i m e n t  
l a y e r ,  a n d  i n c l u d e  d e  w a t e r i n g ,  o r g a n i c  m a t t e r  d e c o m p o s i t i o n  an d  
th e  r e l e a s e  o f  g a s e s  p r o d u c e d  in d e c o m p o s i t i o n .  O r g a n i c  m a t t e r  
d e c o m p o s i t i o n  is p o t e n t i a l l y  c o m p e n s a t e d  at  a  v e g e t a t e d  s i t e  by  
n e w l y  p r o d u c e d  o r g a n i c  m a t t e r  as  p l a n t s  c o n t r i b u t e  to  e l e v a t i o n  
by  l i t t e r  fa l l  a n d  r o o t  p r o d u c t i o n  ( N y m a n  a n d  D e L a u n e  1990) .
V e g e t a t i o n  a l s o  i n f l u e n c e s  the  p h y s i c a l  p r o c e s s e s  o f  s e d i m e n t  
a c c r e t i o n  in  m a r s h e s  by  s l o w i n g  w a t e r  c u r r e n t s .  V e g e t a t i o n  a l s o  
a p p e a r s  to  s e q u e s t e r  s e d i m e n t s  f r o m  the  w a t e r  c o l u m n  d u r i n g  
t ida l  f l o o d i n g .  F i f t y  p e r c e n t  o f  the  s e d i m e n t s  l o s t  f r o m  th e  w a t e r  
c o l u m n  d u r i n g  a s p r i n g  t id e  w e r e  a d h e r e d  to  the  s t e m s  o f  sa l t  
m a r s h  g r a s s  in  a D e l a w a r e  m a r s h  ( S t u m p f  1983) .  B e n t h i c  
m a c r o p h y t e s  m a y  d e c r e a s e  e r o s i o n  in s h a l l o w  p o n d s  by 
d a m p e n i n g  w a v e  e n e r g y  and  r e d u c i n g  r e s u s p e n s i o n  ( W a r d  1984) .  
S o m e  r e s e a r c h e r s  h a v e  s u g g e s t e d  tha t  e r o d e b i l i t y  o f  m u d  f la t s  is 
h i g h e s t  d u r i n g  w i n t e r  m o n t h s  w h e n  p o p u l a t i o n s  o f  b e n t h i c  a l g a e  
a n d  b a c t e r i a  a re  l o w e s t  ( Y o u n g  1977;  C o l e s  1979 ;  F r o s t i c k  an d  
M c C a v e  19 7 9 ) .  T h u s  fo r  e a c h  e n v i r o n m e n t  in the  c y c l e  o f  w e t l a n d  
d e t e r i o r a t i o n  ( m a r s h  p o n d  a n d  m u d  f la t )  v e g e t a t i o n  c a n  p l a y  an 
i m p o r t a n t  r o l e  in r e d u c i n g  e r o s i o n  a nd  i n c r e a s i n g  d e p o s i t i o n .
ST U D Y  OBJECTIVES
T h e  s t u d i e s  f o c u s e d  on  the  p r o c e s s e s  o f  e r o s i o n ,  t r a n s p o r t a t i o n  an d  
d e p o s i t i o n  o f  s e d i m e n t s  in the  L o u i s i a n a  c o a s t a l  w e t l a n d s  in 
r e l a t i o n  to  m a r s h  s tab i l i ty .  T h e  p r i m a r y  o b j e c t i v e s  w e r e  to:
1) Q u a n t i f y  the  r e l a t i o n s h i p  b e t w e e n  s e d i m e n t  e r o s i o n  a n d  the  
f o l l o w i n g  f a c t o r s :  w a v e  s t r e s s ,  soil  s t r e n g th ,  an d  f l o o d  d u r a t i o n .
52)  D e t e r m i n e  the  r e l a t i v e  i m p o r t a n c e  o f  s t o r m  a n d  f a i r  w e a t h e r  
c o n d i t i o n s  in a f f e c t i n g  s e d i m e n t  d e p o s i t i o n  a n d  e r o s i o n  in s h a l l o w  
c o a s t a l  p o n d s  an d  m u d  f la ts .
3 )  D e v e l o p  a m a t h e m a t i c a l  m o d e l  to  d e s c r i b e  s e d i m e n t a t i o n  an d  
e r o s i o n  p a t t e r n s  in  s h a l l o w  c o a s t a l  p o n d s  a n d  m u d  f la t s .
4 )  U s e  d a t a  to  t e s t  the  v a l i d i t y  o f  m a t h e m a t i c a l l y  g e n e r a t e d  
h y p o t h e s e s  a b o u t  the  e f f e c t s  o f  w i n d  s p e e d ,  f e t c h ,  w a t e r  d e p t h  an d  
w a v e  p a r a m e t e r s  on  s e d i m e n t a t i o n  p a t t e r n s .
T h e  u n d e r s t a n d i n g  g a i n e d  t h r o u g h  the  p r i m a r y  o b j e c t i v e s  w e r e  
w e i g h t e d  a g a i n s t  t w o  m a n a g e m e n t  p r a c t i c e s  as  t h e y  a re  p r a c t i c e d  
in L o u i s i a n a  t o d a y .  T h e  s o  c a l l e d  'm a r s h  m a n a g e m e n t '  o p t io n  
i n v o l v e s  the  r e g u l a t i o n  o f  h y d r o l o g y  w i th  the  u se  o f  l e v e e s  an d  
w a t e r  f l o w  r e g u l a t i n g  s t r u c t u r e s  ( C l a r k  a n d  H a r t m a n  19 9 0 ) ,  w h i l e  
th e  ' s e d i m e n t  f e n c e '  m e t h o d  t e n d s  to r e g u l a t e  h y d r a u l i c s  w i th  the  
use  o f  s t r u c tu r e s  o p e n  to  w a t e r  f lo w  ( D i j k e m a  e t  al. 1988) .  
A d d i t i o n a l  o b j e c t i v e s  i n v o l v i n g  th e s e  m a n a g e m e n t  o p t i o n s  in 
c o a s t a l  m a r s h e s  are :
1) D e t e r m i n e  the  r o l e  o f  the  f o l l o w i n g  f a c t o r s  in  e n c o u r a g i n g  
v e g e t a t i o n  r e - e s t a b l i s h m e n t  in a n  a r e a  o f  d e t e r i o r a t e d  c o a s t a l  
m a r s h :  e l e v a t i o n ,  soi l  f o r m a t i o n ,  w a t e r  l eve l  a n d  w a v e  e n e r g y .
2 )  M o n i t o r  the  e f f e c t  o f  m a r s h  m a n a g e m e n t  on s e d i m e n t  e r o s i o n ,  
t r a n s p o r t a t i o n  an d  d e p o s i t i o n  p a t t e r n s  in i n t e r  t idal  c o a s t a l  a r e a s .
3 )  M o n i t o r  the  e f f e c t s  o f  s e d i m e n t  f e n c e s  on  s e d i m e n t  e r o s i o n ,  
t r a n s p o r t a t i o n  a n d  d e p o s i t i o n  p a t t e r n s  in i n t e r  t id a l  c o a s t a l  a re a s .
4 )  S y n t h e s i z e  the  i n f o r m a t i o n  f o r  m a n a g e m e n t  d e s i g n  c r i t e r i a  fo r
c o a s t a l  m a n a g e r s .
T h e  f o l l o w i n g  h y p o t h e s i s  t h e n  w e r e  f o r m u l a t e d :
EROSION:
B o t t o m  s h e a r  s t r e s s ,  c a u s e d  by w a v e  o rb i t a l  v e l o c i t i e s  in co a s t a l  
w e t l a n d s ,  o c c a s i o n a l l y  w i l l  e x c e e d  the  s t r e n g t h  t h r e s h o l d  v a l u e s  
a s s o c i a t e d  w i t h  t h e  b o t t o m  s e d i m e n t s  in c o a s t a l  w e t l a n d s  to  c a u s e  
e r o s i o n .
T R A N S P O R T :
N e w l y  i n t r o d u c e d  m i n e r a l  s u s p e n d e d  s e d i m e n t s  a re  c r u c i a l  to 
m a i n t a i n  m a r s h  h a b i t a t .
D E PO SIT IO N :
S e d i m e n t a t i o n  wil l  o c c u r  w h e n  w a t e r  t u r b u l e n c e  l e v e l s  a re  
s u f f i c i e n t l y  d e c r e a s e d  so  tha t  s e d i m e n t s  a re  n o t  k e p t  in 
s u s p e n s i o n .
E L E V A T I O N :
1) E l e v a t i o n  is  p r i m a r i l y  a b a l a n c e  b e t w e e n  e r o s i o n  a n d  d e p o s i t i o n .
2)  E l e v a t i o n  i n c r e a s e  wil l  be  h i g h e r  in a r e a s  n e a r  the 
s e d i m e n t a t i o n  f e n c e s  t h a n  in  the  c o n t r o l  a r e a s .
3)  E l e v a t i o n s  wil l  b e  h i g h e r  in s m a l l  f e t c h  a reas  v e r s u s  l a r g e  fe t ch  
a r e a s
4 )  E l e v a t i o n  i n c r e a s e  w i l l  be  g r e a t e r  d u r i n g  s t o r m  e v e n t s  t h a n  
d u r i n g  f a i r  w e a t h e r  c o n d i t i o n s
V E G E T A T IO N :
V e g e t a t i o n  w i l l  b e c o m e  e s t a b l i s h e d  m o r e  r a p i d l y  in h i g h e r  
e l e v a t i o n s  as  o p p o s e d  to l o w e r  e l e v a t i o n .
T h e  s p e c i f i c  o b j e c t i v e s  se t  fo r  the  m o d e l i n g  e f f o r t  i n v o l v e  p r o c e s s  
s e n s i t i v i t y  t e s t i n g  a n d  s p a t i a l  r e p r e s e n t a t i o n .  In p a r t i c u l a r  the  
m o d e l  w a s  used  to e v a l u a t e  the  f o l l o w i n g :
1) T h e  s e n s i t i v i t y  o f  e r o s i o n  v e r s u s  s u b s i d e n c e  w i t h  r e s p e c t  to 
e l e v a t i o n  lo ss .
2 )  T h e  e f f e c t  o f  h i g h e r  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  v e r s u s  
t h e  e f f e c t  o f  l o w e r  w a v e  e n e r g y  l ev e l s  on e l e v a t i o n  i n c r e a s e  o f  
m u d f l a t s .
3)  T h e  o p t i m u m  d e s i g n  c r i t e r i a  fo r  p l a c i n g  b r u s h  f e n c e s .
C H A P T E R  2
A  P O L Y G O N - B A S E D  S P A T I A L  (P B S )  M O D E L  F O R  S I M U L A T I N G
L A N D S C A P E  C H A N G E
P r e v i o u s  p u b l i s h e d  as:
B o u m a n s ,  R. M. J. an d  F. H.  Sk lar .  1990.  A p o l y g o n - b a s e d  
s p a t i a l  ( P B S )  m o d e l  f o r  s i m u l a t i n g  l a n d s c a p e  c h a n g e .  
L a n d s c a p e  e c o l o g y  4: 8 3 - 9 7 .
P r i n t e d  w i th  p e r m i s s i o n  o f  S P B  A c a d e m i c  P u b l i s h i n g  bv.  T h e  
H a g u e
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E x p l i c i t  i n c o r p o r a t i o n  o f  s p a t i a l  p a r a m e t e r s  i n t o  e c o l o g i c a l  
s i m u l a t i o n  m o d e l s  is i m p o r t a n t .  T h e  s t r o n g  s p a t i a l  a s p e c t s  o f  m a n y  
e c o l o g i c a l  p r o c e s s e s  r e q u i r e s  e n v i r o n m e n t a l  r e g u l a t o r y  a g e n c i e s  to  
c o n s i d e r  i n f o r m a t i o n  on  s p a t i a l  a n d  t e m p o r a l  r e s p o n s e s  ( W e i n s t e i n  
a n d  S h u g a r t  1983 ;  R i s s e r  e t  al. 1984;  S k l a r  e t  al.  1985 ;  F o r m a n  an d  
G o d r o n  1986;  T u r n e r  1987 ) .  In a q u a t i c  s y s t e m s  f o r  e x a m p l e ;  h o w  
d o e s  t h e  l o c a t io n  o f  d i k e s  a n d  w e i r s  a l t e r  f ish  m i g r a t i o n ,  o r  h o w  
d o e s  t h e  a l t e r a t i o n  o f  w a t e r  f l o w  p a t t e r n s  i m p a c t  r e g i o n a l  m a r s h  
p r o d u c t i v i t y ,  o r  w h a t  t y p e s  o f  c o a s t a l  l a n d s c a p e  c h a n g e s  l ea d  to  
i n d i r e c t  h a b i t a t  m o d i f i c a t i o n s  ( C h a b r e c k  1972;  M e n d e l s s o h n  et  al. 
1983 ;  S t e i n e r  1983 ;  C o s t a n z a  et al. 1986 )7  T h e s e  d e c i s i o n s  are  
d i f f i c u l t  to  m a k e  w i t h o u t  at l ea s t  a c o n c e p t u a l  m o d e l  o f  spa t i a l  
i n t e r a c t i o n s .  H o w  th e n  d o e s  o n e  i n c o r p o r a t e  s p a t i a l  i n t e r a c t i o n s  
i n to  e c o l o g i c a l  s i m u l a t i o n  m o d e l s ?  T o  a d d r e s s  th is  q u e s t i o n  w e  
p r e s e n t  a  spa t i a l  m o d e l  o f  a c a s e  s tu d y  w h i c h  u s e s  w e t l a n d  lo ss  in 
L o u i s i a n a  as  t h e  f o c u s  fo r  a n a ly s i s ,  i r r e g u l a r  s h a p e d  g r id  c e l l s  ( i .e . ,  
p o l y g o n s )  as  the  s p a t i a l  c l a s s i f i c a t i o n ,  a n d  p o p u l a t i o n  i n t e r a c t i o n  
e q u a t i o n s  ( M a y  a n d  M a c A r t h u r  1972;  M a y n a r d  S m i t h  1 9 7 4 )  as  the 
b a s i s  fo r  h a b i t a t  s u c c e s s i o n .
N u m e r o u s  r e s e a r c h e r s  h a v e  d o c u m e n t e d  th a t  w e t l a n d s  in 
L o u i s i a n a  a re  d i m i n i s h i n g  at a r a t e  e s t i m a t e d  to be  as  h ig h  as  100  
k m 2  a y e a r  ( G a g l i a n o  a n d  B e e k  1970;  A d a m s  e t  al. 1976 ;  C r a i g  et 
al.  1979 ;  H o p k i n s o n  and  D a y  1980;  G a g l i a n o  et al. 1981;  B o e s c h  
1982 ;  S c a i f e  e t  al.  1983;  T u r n e r  and  C a h o o n  1987;  L e i b o w i t z  e t  al. 
19 8 8 ) .  F a c t o r s  i n f l u e n c i n g  land loss  i n c lu d e :  ( 1 ) r i s i n g  sea  leve ls ,  
(2 )  s u b s i d e n c e  o f  d e l t a i c  s e d i m e n t s ,  (3 )  n u t r i e n t  a n d  i n o r g a n i c  
s e d i m e n t  d e p l e t i o n ,  (4 )  c a n a l  c o n s t r u c t i o n  (5 )  sa l t  w a t e r  i n t r u s i o n ,  
a n d  ( 6 ) d e c r e a s i n g  b i o - p r o d u c t i v i t y .  A t t e m p t s  to m o d e l  l a n d  loss  
as  t h e  c u m u l a t i v e  i m p a c t  o f  all t h e s e  p a r a m e t e r s  h a v e  f o c u s e d  on 
m u l t i  v a r i a t e  r e g r e s s i o n  a n a l y s e s  ( S c a i f e  e t  al.  1983 ;  D e e g a n  et al. 
1 9 8 4 )  a n d  p r o c e s s - b a s e d  s i m u l a t i o n  m o d e l s  w i t h  f i x e d  g r id  c e l l s
( S k l a r  e t  al.  1985;  C o s t a n z a  et  al. 1988) .  W e  c o n t i n u e  th is  a n a ly s i s  
b y  d e s i g n i n g  a s pa t i a l  m o d e l  o f  l a n d  lo ss  w h i c h  u s e s  i r r e g u l a r l y  
s h a p e d  g r id  c e l l s  t h a t  c o n f o r m  to  t h e  n a tu r a l  h y d r o l o g i c a l  " m i n i ­
b a s in s "  in a l a n d s c a p e .
T h e  use  o f  p o l y g o n s  in a spa t i a l  e c o s y s t e m  m o d e l  is n e w .  P r e v i o u s  
m o d e l s  w i th  s p a t i a l  d e ta i l  w e r e  m o s t l y  o f  t h e  f i x e d  g r id  t y p e  
( C o s t a n z a  a n d  S k l a r  1 9 8 5 ) ,  the  n o d e - n e t w o r k  t y p e  ( H o p k i n s o n  a n d  
D a y  1980 ) ,  a n d  the  f in i te  e l e m e n t  m o d e l s  so o f te n  u s e d  fo r  
h y d r o d y n a m i c  s i m u l a t i o n s ,  s u c h  as  E P A ' s  S t o r m  W a t e r  
M a n a g e m e n t  M o d e l  ( 1 9 7 5 ) .  T h e  p o l y g o n  a p p r o a c h  has  the  
a d v a n t a g e  o f  b e i n g  le s s  c o n s t r a i n e d  by  a r t i f i c i a l  b o u n d a r y  
c o n d i t i o n s  a n d  h e n c e  the  " m o r e  n a tu r a l "  w a y  to  s u b d i v i d e  a 
l a n d s c a p e .  T h e  L a B r a n c h e  w e t l a n d  in L o u i s i a n a  w a s  c h o s e n  to  tes t  
th i s  a p p r o a c h  b e c a u s e  it had  b e e n  d i s s e c t e d  in to  f iv e  s e p a r a t e  s u b ­
b a s i n s  by  a t t e m p t s  a t  f l o o d  c o n t r o l  an d  a g r i c u l t u r e  e a r l y  th is  
c e n t u r y .
W e  a p p r o a c h e d  s i m u l a t i o n  o f  h a b i t a t  s u c c e s s i o n  w i t h i n  a p o l y g o n -  
b a s e d  m o d e l  d i f f e r e n t l y  than  e a r l i e r  f ix e d  g r id  m o d e l s .  In a f ix e d  
g r id  d e s i g n  the  s i m u l a t i o n  o f  h a b i t a t  s u c c e s s i o n  is a s i m p l e  p r o c e s s  
b e c a u s e  e a c h  cel l  is c o m p o s e d  o f  o n ly  on e  h a b i t a t  an d  the  ru le s  
g o v e r n i n g  c h a n g e  a re  i m p l e m e n t e d  on  a cel l  by  ce l l  ba s i s  ( S k l a r  et 
al.  1985;  C o s t a n z a  et  al. 1986;  S k l a r  e t  al. 1989) .  In an i r r e g u la r  
g r id  d e s ig n ,  s u c h  as  the  o n e  w e  p r e s e n t ,  t he  ce l l s  c a n  be c o m p o s e d  
o f  m a n y  h a b i t a t s  a n d  s u c c e s s i o n  is i m p l e m e n t e d  on  a h a b i t a t  by 
h a b i t a t  ba s i s  w i th in  e a c h  cel l .  W e  s i m u l a t e d  the  " c o m p e t i t i o n "  f o r  
s p a c e  w i t h in  a p o l y g o n  by  m o d i f y i n g  the  p o p u l a t i o n  m o d e l s  o f  
( M a y  and  M a c A r t h u r  1972) .  T h e s e  e q u a t i o n s  w e r e  u se d  in the 
P B S  m o d e l  b e c a u s e  the  t e m p o r a l  i n t e r a c t i o n s  o f  the th ree  m a j o r  
h a b i t a t  t y p e s  w i t h in  a p o l y g o n  ( s w a m p ,  m a r s h ,  a n d  o p e n  w a t e r )  
a p p e a r  to  m i m i c  c o m p e t i t i v e  e x c l u s i o n  p r o c e s s e s  th a t  is,  o p e n  
w a t e r  h a b i t a t s  g i v e  w a y  to  m a r s h  h a b i t a t s  a n d  m a r s h  h a b i t a t s  g iv e  
w a y  to s w a m p  h a b i t a t s  as  d e l t a s  a n d  c o a s t a l  m a r s h e s  p r o g r a d e .
a n d  v i c e  v e r s a  as  d e l t a s  a n d  m a r s h e s  d e g r a d e  ( G a g l i a n o  a n d  B e e k  
1 9 7 0 ;  B a u m a n n
a n d  A d a m s  1981) .  T h e s e  e q u a t i o n s  a re  w i d e l y  a c c e p t e d  by 
p o p u l a t i o n  e c o l o g i s t s  a n d  w e  d o  no t  q u e s t i o n  t h e i r  v a l i d i t y  in this  
p a p e r .
T h e  L a B r a n c h e  w e t l a n d ,  l o c a t e d  on  the s o u t h e r n  s h o r e  o f  L a k e  
P o n t c h a r t r a i n  b e t w e e n  the  B o n n e t  C a r r e  S p i l l w a y  a n d  N e w  O r l e a n s  
( F i g u r e  2 .1 ) ,  is a m o n g  th e  l a r g e s t  an d  m o s t  p r o d u c t i v e  l o w  s a l in i ty  
h a b i t a t s  w i t h in  the  l a k e  P o n t c h a r t r a i n  b a s in  ( C r a m e r  et  al.  1978) .  
S i n c e  1900 ,  w h e n  1 0 0 0  h e c t a r e s  o f  m a r s h  w e r e  r e c l a i m e d  ( i .e .  
i m p o u n d e d  a n d  d r a i n e d )  fo r  an u n s u c c e s s f u l  a g r i c u l t u r a l  p r o j e c t ,  
t h e  w e t l a n d  h a s  u n d e r g o n e  a p r o g r e s s i v e  d e t e r i o r a t i o n  r e s u l t i n g  in 
c o n s i d e r a b l e  l a n d  lo ss .  T o ta l  l and  loss has  i n c r e a s e d  o v e r  the  las t  
5 0  y e a r s  in the  L a B r a n c h e  w e t l a n d  ( F i g u r e  2 .1 )  f r o m  106 h a  in 
1952  to  165 h a  in 1 9 5 6  to  1645 h a  in 1972 .  d e c r e a s i n g  s l i g h t ly  to 
1607  h a  in 1982  ( P i e r c e  et  al. 1985) .
METHODS
T h e  L a B r a n c h e  P B S  m o d e l  ( F ig u r e  2.2)  d i v i d e s  the  w e t l a n d  s tudy  
a r e a  i n t o  f iv e  d i f f e r e n t  h y d r o l o g i c a l  p o l y g o n s  b a s e d  on  the  
d e s c r i p t i o n  o f  the  a r e a  by P i e r c e  e t  al. ( 1 9 8 5 )  a n d  the  g e o m e t r y  of  
t h e  s u b - b a s i n s .  E a c h  p o l y g o n  an d  e a c h  b o u n d a r y  c o n d i t i o n  w a s  
g i v e n  a n a m e  an d  n u m b e r  to  f ac i l i t a t e  d i s c u s s i o n  and  s i m u l a t i o n .  
B o r d e r s  a l o n g  i n t e r c o n n e c t e d  c e l l s  w e r e  r e g i s t e r e d  in the  m o d e l  as 
n u m b e r s  1 - 1 2  and  fo r  e a c h  b o r d e r  a f l o w  p a r a m e t e r ,  i n d i c a t i v e  o f  
t h e  d e g r e e  (0 - 1 0 0 % ) o f  i m p o u n d m e n t  in e a c h  ce l l ,  w a s  a s s i g n e d .  
P o l y g o n s  c o m p l e t e l y  i m p o u n d e d ,  w i th  no  e x c h a n g e  w i th  
s u r r o u n d i n g  ce l l s ,  w e r e  a s s i g n e d  f l o w  v a lu e s ,  R E S X ( x = b o r d e r  
n u m b e r ) ,  o f  z e r o  f o r  e a c h  b o rde r .  R E S X v a lues  fo r  b o rd e r s  1 to  12 
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F i g u re  2.1.  M a p  o f  the  L a B r a n c h e  w e t l a n d  s tu d y  a r e a  a lo n g  the  
s o u t h e r n  c o a s t l i n e  o f  L a k e  P o n t c h a r t r a i n ,  L o u i s i a n a .  W e t l a n d  loss  
has  b e e n  g e t t i n g  p r o g r e s s i v e l y  w o r s e  in th is  a r e a  as  s u b s i d e n c e  
p r o d u c e s  i n c r e a s i n g  h e c t a r e s  o f  o p e n  w a t e r  as  i l l u s t r a t e d  in the  
sm a l l  p lo t  on the  r ig h t  f r o m  ( P ie r c e  1985) .
Lake P o n c h a r t r a in
B onne  Carre ,  
S p i l l w a y  ..■/
P i q. U a n t P iquant
Pump
L a B ra ncheT r a p a g n ie r W alker
V a l k e r  Pump
g  |  L aB ranche  Pum pT r a p a g n ie r  Pum p
F i g u r e  2 .2 .  I n t e r n a l  p o l y g o n s  (1 to  5)  a n d  e x t e r n a l  d r a i n a g e  b a s in s  
( 6  to  1 1 ) w e r e  c h o s e n  to  r e p r e s e n t  the  d i f f e r e n t  h y d r o l o g i c a l  
d r a i n a g e  u n i t s  f o u n d  in the  s tu d y  a rea .  T h e  a r r o w s  r e p r e s e n t  the  
d i r e c t i o n  o f  w a t e r  f l o w  b e tw e e n  the  p o l y g o n s .  T h e  n u m b e r s  in the 
b o x e s  (1 to 1 2 ) r e p r e s e n t  the c o d i n g  used  to d e s i g n a t e  the
p r o p o r t i o n a l  f l o w  c o e f f i c i e n t s  ( R e s x ).
T h e  h y d r o l o g i c  f o r c i n g  f u n c t i o n s  in the  P B S  m o d e l  w e r e  b a s e d  
u p o n  the  h e a d  d i f f e r e n c e  b e t w e e n  L a k e  P o n t c h a r t r a i n  w a t e r  l e v e l s  
a n d  the  w a t e r  l eve l s  i n s id e  the  p o l y g o n s .  W a t e r  f l o w e d  in to  L a k e
P o n t c h a r t r a i n  w h e n  the  s u m  o f  r u n o f f  an d  w a t e r  l eve l  in a cel l
e x c e e d e d  that  o f  l ake  w a t e r ,  an d  f lo w e d  in to  the  ce l l s  w h e n  the 
s u m  w a s  less  than  that  o f  the  lake.  T he  a v e r a g e  w a t e r  h e ig h t  o f  
L a k e  P o n t c h a r t r a i n ,  b a s e d  u p o n  w a t e r  g a u g e  d a t a  in the  m i d d l e  o f  
t he  lake  ( S t o n e  an d  H i n c h e e  1980) ,  v a r i e d  b i m o d a l y  o v e r  a y e a r  
( F i g u r e  2 .3 ) .  T h i s  b i m o d a l  d i s t r i b u t io n  w a s  d e s c r i b e d  as:
L A K E  = 3.81 + S I N ( D a y ( - 0 . 0 3 5 ) )
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w h e r e ,  L A K E  e q u a l s  the  w a t e r  l e v e l s  ( c m )  in L a k e  P o n t c h a r t r a i n  
a n d  D a y  e q u a l s  the  t im e  o f  yea r .  W a t e r  i n s i d e  the  p o l y g o n s  
a c c u m u l a t e s  as  a f u n c t i o n  o f  l ak e  w a t e r  i n p u t s ,  r a in f a l l  a n d  e a c h  
p o l y g o n ' s  ab i l i ty  to d r a in  ( i .e . ,  R E S X va lu e s ,  T a b l e  2 .1 ) .  R u n o f f
v a l u e s  e q u a l  s u r p l u s e s  o f  w a t e r  b a s e d  u p o n  a c t u a l  r a i n f a l l  e v e n t s  
f r o m  1 9 1 0  to  1983 ,  t a k e n  f r o m  th e  N a t i o n a l  O c e a n i c  a n d  
A t m o s p h e r i c  A d m i n i s t r a t i o n s  m o n t h l y  p u b l i c a t i o n ,  C 1 i m a t o I o g i c a  1 
D a t a , and  f r o m  the U.S .  W e a t h e r  B u r e a u ' s  D e c e n n i a l  C e n s u s  o f  U . S .  
C l i m a t e  an d  i n c o r p o r a t e d  i n t o  a ( T h o r n t h w a i t e  a n d  M a t h e r  1 9 5 5 )  
w a t e r  b u d g e t  p r o g r a m  ( Y o s h i o k a  19 7 1 ) .  T h e  a n n u a l  a v e r a g e  
d i s t r i b u t io n  o f  this  r u n o f f  ( F i g u r e  2 .3 )  w a s  u s e d  by  the  P B S  m o d e l  
as f re sh  w a t e r  i n p u t s  a c c o r d i n g  to  the  s in fu n c t i o n :
R U N O F F  = 5 + 3 . 7 « S I N ( D a y 0 . 0 1 7 5 )
w h e r e ,  R U N O F F  e q u a l s  the  w a t e r  l eve l  in the  p o l y g o n  d u e  to 
s u rp l u s  ra in  an d  D a y  e q u a l s  the  t im e  o f  yea r .  M o s t  o f  the  y e a r  
R U N O F F  is g r e a t e r  than  L A K E  an d  w a t e r  f l o w s  f r o m  the  w e t l a n d s  
in to  the lake.  W h e n  the  w a t e r  e l e v a t i o n s  in the  w e t l a n d s  is l o w e r  
than  tha t  o f  the  lake ,  t y p i c a l l y  d u r i n g  la te  s u m m e r ,  t h e r e  is a ne t  
f lo w  of  l ake  w a t e r  i n to  the  a rea .  F l o w s  o f  w a t e r  b e t w e e n  p o l y g o n s  
w e r e  c a l c u l a t e d  as  d i f f e r e n c e  e q u a t i o n s :
T a b l e  2 .1 .  FI o w  p a r a m e t e r s  v a lu e s  a re  i n d i c a t i v e  o f  the 
c o n d u c t i v i t y  a c r o s s  t h e  i n t e r f a c e  o f  a d j a c e n t  p o l y g o n s .  S u b s c r i b e d  


































jan  fe b  m r t  apr m a y  jun ju l  aug s e p t  o c t  n o v  d e c
m onths
F i g u r e  2 .3 .  T h e  P B S  m o d e l  u ses  a v e r a g e  r a i n w a t e r  s u r p l u s  ( r u n o f f )  
a n d  a v e r a g e  w a t e r  l e v e l s  in L a k e  P o n t c h a r t r a i n  ( l a k e ) ,  r e c o r d e d  by 
the  U .S .  A r m y  C o r p s  o f  E n g i n e e r s ,  as  fo rc in g  f u n c t i o n s .  R u n o f f  is 
the  w a t e r  d e p t h  d u e  to e x c e s s  r a in f a l l  as c a l c u l a t e d  by the 
T h o r n t h w a i t e  a n d  M a t h e r  ( 1 9 5 9 )  w a t e r  b u d g e t .  T h i s  a n n u a l  c y c l e  
is r e p e a t e d  a n n u a l l y  f o r  e a c h  o f  the  28 y e a r s  o f  s im u l a t io n .
F l o w ( a to b ) = ( W L ( a ) - W L ( b ) )  • R E S ( x ) • A ( a )
w h e r e ,  W L ( a ) is the  w a t e r  l eve l  in p o l y g o n  (a)  and  W L ( b ) is the 
w a t e r  l eve l  in p o l y g o n  (b) ,  R E S X is a f lo w  c o e f f i c i e n t  i n d ic a t iv e  o f  
the  d e g r e e  o f  c o n n e c t i v i t y  b e t w e e n  p o l y g o n s  (a)  a n d  (b) ,  and  A ( a ) 
is t h e  a r e a  o f  p o l y g o n  (a) .  F l o w s  o f  s e d i m e n t - p o o r  w a t e r  f r o m  
u r b a n  r u n o f f  w e r e  s i m u l a t e d  as  i n p u t s  i n to  the  T r a p a g n i e r ,  
L a B r a n c h e ,  W a l k e r ,  a nd  P i q u a n t  p o l y g o n s  t h r o u g h  f l o o d - c o n t r o l  
p u m p i n g  s t a t io n s  ( R E S 3 , R E S 4 , R E S 5 , and  R E S 5 ) as  a func t ion  o f  
R U N O F F ,  the p u m p i n g  c a p a c i ty  o f  the s ta t ion  ( R E S X), a n d  the u rban  
d r a i n a g e  a r e a  ( A r e a p )  a c c o r d i n g  to  the f o l l o w i n g :
F l o w p  =  R U N O F F  • R E S X • A r e a p
H a b i t a t  s u c c e s s i o n  in  the  L a B r a n c h e  P B S  m o d e l  w a s  s i m u l a t e d  w i th  
a  p o p u l a t i o n  s u b - m o d e l  s u c h  th a t  e a c h  p o l y g o n  " e v o l v e d "  
s e p a r a t e l y  as  a  f u n c t i o n  o f  e l e v a t i o n .  W e  c h o o s e  th is  a p p r o a c h  
b e c a u s e  p o l y g o n s  w e r e  l a r g e  a n d  c o m p o s e d  o f  m u l t i p l e  h a b i t a t s .  
T h e  o r ig i n a l  M a y  a n d  M c A r t h u r  ( 1 9 7 2 )  e q u a t i o n s  d e s c r i b e d  h o w  
t h e  n i c h e s  o f  s p e c i e s  c a n  o v e r l a p  in a f l u c t u a t i n g  e n v i r o n m e n t .  W e
u s e  the  s a m e  p r i n c i p l e  in the  f o r m  o f  l a n d s c a p e  e l e m e n t s  ( i .e . .
s w a m p ,  m a r s h  a n d  o p e n  w a t e r )  to  e x p l a i n  c o m m u n i t y  o v e r l a p  a n d  
l a n d s c a p e  s u c c e s s i o n  in e a c h  p o l y g o n .  E a c h  l a n d s c a p e  e l e m e n t  ha d  
a p r e f e r r e d  p o s i t i o n  in a o n e - d i m e n s i o n a l  r e s o u r c e  s p e c t r u m  w h i c h  
w e  se t  as t h e  a r e a  f l o o d  d u r a t i o n .  T h e  f l o o d  d u r a t i o n s  w e r e  
a c t u a l l y  l a n d  e l e v a t i o n s  r e l a t i v e  to  the  a v e r a g e  t idal  f l u c t u a t i o n s  
f o r  the  a d j a c e n t  L a k e  P o n t c h a r t r a i n ,  w h i c h  v a r y  b e t w e e n  0  a n d  60  
c m  ( P ie r c e  et  al.  1985) .
T o  e s t i m a t e  the  p r e f e r r e d  p o s i t i o n  o f  e a c h  l a n d s c a p e  e l e m e n t  a l o n g
t h e  0  to  6 0  r e s o u r c e  s p e c t r u m  ( e l e v a t i o n ) ,  the  p e r c e n t  h a b i t a t
d i s t r i b u t i o n s  w i t h i n  e a c h  p o l y g o n  w e r e  c a l c u l a t e d  f r o m  r e m o t e l y  
s e n s e d  i m a g e s  t a k e n  in 1 9 5 2 ,  19 5 6 ,  1965 ,  1972 ,  an d  1978  ( P i e r c e  
e t  al. 1 9 8 5 )  an d  c o m p a r e d  w i t h  t h e  t h e o r e t i c a l  r e l a t i o n s h i p s  
p r e d i c t e d  by  the  f o l l o w i n g  c o m p e t i t i v e  e x c l u s i o n  e q u a t i o n s  o f  M a y  






w h e r e :
e = l and  e l e v a t i o n  as c m  f ro m  0  to 60.
S = p e r c e n t  s w a m p  a rea .
W  = p e r c e n t  o p e n  w a t e r  a rea .
M  = p e r c e n t  m a r s h  a rea .
I n  t h e  M a y - M a c A r t h u r  m o d e l ,  c h a n g e s  in  t h e  p e r c e n t  d o m i n a n c e  
o f  o n e  h a b i t a t  o c c u r s  a t  t h e  e x p e n s e  o f  the  o th e r s .  T o  e s t i m a t e  
t h e s e  r e l a t i o n s h i p s  w e  p l o t t e d  a c tu a l  h a b i t a t  a r e a s ,  b a s e d  on  the  
r e m o t e  i m a g e r y  ( P i e r c e  e t  al.  1 9 8 5 )  a n d  t h e o r e t i c a l  h a b i t a t  a r e a s ,  
b a s e d  on  the  e q u a t i o n s  a b o v e ,  as a f u n c t i o n  o f  r e l a t i v e  e l e v a t i o n  
( F i g u r e  2 .4 ) .  T h e  th e o r e t i c a l  h a b i t a t  p r o p o r t i o n s  in e a c h  ce l l  w e r e  
c a l c u l a t e d  i t e r a t i v e l y  f r o m  e l e v a t i o n s  o f  0  to  60  c m .  A t  an 
e l e v a t i o n  ( E L )  o f  6 0  the  s t a b l e  s o lu t i o n  o f  the  M a y - M a c A r t h u r  
e q u a t i o n s  p r o d u c e d  a p o l y g o n  o f  w a t e r ,  m a r s h ,  a n d  s w a m p  w h i c h  
w a s  d o m i n a t e d  by s w a m p  ( 1 % ,  5 % ,  and  9 4 % ,  r e s p e c t i v e ly ) .  A t  the 
m i n i m u m  e l e v a t i o n  o f  0 , the  c o m p o s i t i o n  o f  w a t e r ,  m a r s h ,  and  
s w a m p  w a s  j u s t  the  o p p o s i t e  ( 9 4 % ,  5 % ,  and  1%, r e s p e c t i v e ly ) .  
P r o p o r t i o n s  w e r e  c o n v e r t e d  to h e c t a r e s  in e a c h  ce l l  b a s e d  u p o n  the 
s ize  o f  e a c h  cell .
T h e  m a x i m u m  c o r r e s p o n d e n c e  b e t w e e n  the  t h e o r e t i c a l  a n d  a c t u a l  
h a b i t a t  d i s t r i b u t i o n s  w e r e  f o u n d  by  a d j u s t i n g  the  c o e f f i c i e n t s  o f  
t h e  M a y - M a c A r t h u r  e q u a t i o n s  a n d  by  m o v i n g  the  a c tu a l  h a b i t a t  
d a t a  se ts  ( i . e . ,  t h r e e  d a t a  p o in t s  p e r  p o l y g o n )  a c r o s s  the x - a x i s  o f  
F i g u r e  2 .4 .  un t i l  t h e  g r e a t e s t  d e g r e e  o f  c o r r e s p o n d e n c e  b e t w e e n  
the  t w o  w e r e  o b t a i n e d .  T h e  d e g r e e  o f  c o r r e s p o n d e n c e  w as  
c a l c u l a t e d  as the  m i n i m u m  s u m  o f  s q u a re s  ( M S S ) ,  w h e r e  a M S S  o f  
z e r o  d e n o t e s  p e r f e c t  c o r r e s p o n d e n c e  as  d i s c u s s e d  by  ( S te e l  an d  
T o r r i e  1960) .  T h e  e n d  r e s u l t  w a s  the se t  o f  t h e o r e t i c a l  c u r v e s  
r e l a t i n g  h a b i t a t  d i s t r i b u t i o n s  to e l e v a t i o n  s h o w n  in F i g u r e  2 .4  wi th  
a  M S S  o f  0 .03 .
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E l e v a t i o n  ( c m )
F i g u r e  2.4 .  T h e  p o p u l a t i o n  m o d e l  o f  M a y  an d  M a c A r t h u r  ( 1 9 7 2 )  
w a s  m o d i f i e d  to  s im u l a t e  the  d i s t r i b u t i o n  o f  s w a m p ,  m a r s h ,  an d  
o p e n  w a t e r  h a b i t a t s  w i t h i n  a p o l y g o n ,  as  a f u n c t i o n  o f  w e t l a n d  
e l e v a t i o n .  T h e  e q u a t i o n s  f o r  the  th re e  h a b i t a t  c u r v e s  a re  g i v e n  in 
th e  tex t .  T h e  " rea l"  d a t a  p o i n t s  fo r  s w a m p ,  m a r s h  an d  w a t e r  
p e r c e n t a g e s  a re  the  v a l u e s  m e a s u r e d  f o r  e a c h  p o l y g o n  in 19 5 2 ,  
19 5 6 ,  1965,  1972 ,  and  1978 by P i e rc e  e t  al.  ( 1 9 8 5 ) .  Z e r o  on  the  x 
a x i s  e q u a l s  m e a n  low  w a te r .
E l e v a t i o n ,  in tu rn ,  w a s  m o d e l e d  as  a f u n c t i o n  o f  s u b s i d e n c e ,  
s e d i m e n t a t i o n ,  a n d  b i o l o g i c a l  p r o d u c t i o n  a c c o r d i n g  to  the  f o l l o w i n g  
e q u a t i o n :
d E L (C)
— ^ —  = E B M + E S S - Subsidence 
w h e r e :
E L ( C) = Re la t ive  e le v a t io n  ( cm )  in cell  c.
E B M ( C) = C o n t r i b u t i o n  o f  o r g a n i c  m a t t e r  to the  m a i n t e n a n c e
o f  r e l a t i v e  e l e v a t i o n  ( c m )  in cel l  c.
E S S ( C) =  C o n t r i b u t i o n  o f  s u s p e n d e d  s e d i m e n t s  to the
m a i n t e n a n c e  o f  r e l a t i v e  e l e v a t i o n  in ce l l  c ( e q u a l s  
K s e d » S S ( c )).
S u b s i d e n c e  = D e c r e a s e  in  e l e v a t i o n  ( 0 . 0 0 5 8 7  c m / d a y )  
r e l a t i v e  to  a v e r a g e  see  l ev e l  d u e  to:
1) D e w a t e r i n g  a n d  c o m p a c t i o n  o f  d e l t a i c  s e d i m e n t s
( B e r n e r  1 9 8 0 ) ,
2)  S u b s i d e n c e  t e c t o n i c s  t h r o u g h  s e d i m e n t  l o a d i n g
( K e n n e t h  1 9 8 2 ) ,
3)  E u s t a t i c  s e a  l eve l  r i s e  ( N u m m e d a l  1983) .
T h e  e l e v a t i o n  e q u a t i o n  r e s p o n d s  to c o m m u n i t y  c o m p o s i t i o n  as  a
s y n e r g i s t i c  l o o p  w h e r e  p r i m a r y  p r o d u c t i o n  i n c r e a s e s  w i th
e l e v a t i o n  a n d  e l e v a t i o n  i n c r e a s e s  w i th  o r g a n i c  d e p o s i t i o n .  I f  th is  
w e r e  the  o n ly  s y n e r g i s m  h o w e v e r ,  it  w o u l d n ' t  be  l o n g  b e f o r e  all 
L o u i s i a n a  w e t l a n d s  r o s e  o u t  o f  the  m u d  to  b e c o m e  h a r d w o o d  
f o re s t s .  S u c c e s s i o n  to  f o r e s t e d  u p l a n d s  is no t  o c c u r r i n g  in 
L o u i s i a n a  w e t l a n d s  b e c a u s e  o r g a n i c  d e p o s i t i o n  a lo n e  c a n  not  
c o m p e n s a t e  f o r  s u b s i d e n c e ,  d e c o m p o s i t i o n ,  a n d  c o m p a c t i o n  
( L e i b o w i t z  e t  al. 1988 ) .  M a r s h e s  a n d  s w a m p s  m u s t  c a p t u r e
s u s p e n d e d  s e d i m e n t s  to e n h a n c e  the  f e r t i l i t y  o f  t h e  s e d i m e n t s  an d
a d ju s t  fo r  e r o s i o n  an d  s u b s i d e n c e  ( B a u m a n n  et al.  1984 ) .
T h e  d e p o s i t i o n  o f  s u s p e n d e d  s e d i m e n t s  ( E S S )  and  the  b u r ia l  o f  
o r g a n i c  m a t t e r  ( E B M )  w e r e  d e s i g n e d  as  s y n e r g i s t i c  p r o c e s s e s  suc h  
tha t  l and  lo ss  t e n d s  to i n c r e a s e  as  e l e v a t i o n s  b e g in  t o  d e c r e a s e  ( i .e . ,  
d E L / d t  n e g a t i v e ) .  O r g a n i c  m a t t e r  c o n t r i b u t i o n s  to the  e l e v a t i o n  o f  
a p o l y g o n  a c c o r d i n g  to the  e q u a t i o n :
w h e r e :
E B M ( C) = C o n t r i b u t i o n  o f  o r g a n i c  m a t t e r  to the  m a i n t e n a n c e
o f  r e l a t i v e  e l e v a t i o n ( c m )  in ce l l  c.
S (c ) ;  M ( c ); S ( c ) ; . = A rea l  e x te n t  ( m 2 )  o f  s w a m p ,  m a r s h ,  and
w a t e r ,  r e s p e c t i v e l y ,  in p o l y g o n  c.
P ( s ) ;  P ( m ) ;  P ( w ) ; -  = C o e f f i c i e n t s  fo r  the  a c c u m u l a t i o n  o f  soil
d u e  to  p r i m a r y  p r o d u c t i o n  ( c m / m 2 / d )  in  s w a m p s
( . 0 0 3 ) ,  m a r s h e s  ( . 0 0 4 8 ) ,  a n d  o p e n  w a t e r  h a b i t a t s
( . 0 0 0 1 ), r e s p e c t i v e l y .
T h e  P v a lu e s  w e r e  b a s e d  on  the  s w a m p  p r o d u c t i o n  d a t a  o f  ( C o n n e r  
1986 ) ,  the  m a r s h  p r o d u c t i o n  d a t a  o f  C r a m e r  et  al.  ( 1 9 7 8 ) ,  an d  the  
r e l a t i o n s h i p  b e t w e e n  b i o - p r o d u c t i v i t y  a n d  e l e v a t i o n  a c c o r d i n g  to 
( G o s s e l i n k  et al.  1984) .
R e l a t i v e l y  l i t t l e  s u s p e n d e d  s e d i m e n t s  e n t e r  t h e  m a r s h  or  s w a m p s  
v i a  r u n o f f  b e c a u s e  the  e n t i r e  L a B r a n c h e  s t u d y  a r e a  is s e m i ­
i m p o u n d e d  w i th  a c lo s e d  l ev e e  on the  u p l a n d  s ide .  A l t h o u g h  
u r b a n  r u n o f f  c a n  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  o f  s u s p e n d e d  
s e d i m e n t s ,  w e  a s s u m e  th a t  m o s t ,  i f  no t  a ll ,  o f  the  i n o r g a n i c  
s e d i m e n t s  a v a i l a b l e  f o r  s e d i m e n t a t i o n  in t h e  L a B r a n c h e  W e t l a n d s  
c o m e s  f r o m  L a k e  P o n t c h a r t r a i n  a n d  th a t  the  e x c h a n g e  o f  
s u s p e n d e d  s e d i m e n t s  as  m g * l ' l  is p r o p o r t i o n a l  to  t h e  h y d r o l o g i c  
f l o w s  a c c o r d i n g  to  the f o l l o w i n g .
d ( s s ), 4 4  F:  4 4  F „
T 7 7 r  = I \ r - S S i  ‘ Z \ T ' S S 0 + S S ^ . i - E S S ,
' '  C=1 1 i=l °
w h e r e :
( s s ) c = C o n c e n t r a t i o n  o f  i n o r g a n i c  s u s p e n d e d  s e d i m e n t s
( m g * L ' l )  in p o l y g o n  c at t im e  t.
m  = T h e  n u m b e r  o f  p o l y g o n s  tha t  s h a r e  an i n t e r f a c e  w i th
p o l y g o n  c.
Fj = T h e  i n p u t  o f  w a t e r  i n to  p o l y g o n  c as  m ^  p e r  d ( t ) .
Vj  = T h e  w a t e r  v o l u m e  ( m 3 )  o f  e a c h  p o l y g o n  w i th  f low
( F j )  in to  p o l y g o n  c.
SSj = S u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n  ( m g » L " l )  o f  each
p o l y g o n  w i th  f l o w  (F j )  in to  p o l y g o n  c.
= T h e  o u t p u t  o f  w a t e r  f ro m  p o l y g o n  c to  all  m
V 0
S S 0
p o l y g o n s  as  m 3  p e r  d( t) .
= T h e  w a t e r  v o l u m e  ( m 3 )  o f  p o l y g o n  c.
= S u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n  ( m g » L ' l )  o f
p o l y g o n  c w i th  f l o w  ( F 0 ) to p o l y g o n s  i to m.
T h e  c a s e  w h e n  s u s p e n d e d  s e d i m e n t s  e n t e r  t h e  s t u d y  a r e a  f r o m  
p u m p  w a t e r  o r  L a k e  P o n t c h a r t r a i n  w a s  c a l c u l a t e d  as  F j » k s s p u m p 
a n d  F j ® k s s i a k e , r e s p e c t i v e l y .  W h e r e ,  k s s p u m p and  k s s ) a k e a re  
c o n s t a n t s  ( 0 . 0 0 8  g /1 a nd  0 . 1 2  g / 1, r e s p e c t i v e l y ) .
W A T E R :  T h e  h y d r o lo g ic  f o rc in g  fu n c t io n s  R U N O F F  and  L A K E  
( F i g u r e .  2 . 3 )  w e r e  r e p e a t e d  a n n u a l l y  p r o d u c i n g  a s t e a d y  s t a t e  
w a t e r  l eve l  v a r i a t i o n  in e a c h  p o l y g o n .  T h e  i m p a c t  o f  this  
h y d r o l o g i c  a v e r a g i n g  on  the  w a t e r  l ev e l s  in e a c h  p o l y g o n  a re  
s h o w n  in F i g u r e  2.5.  S e a s o n a l  w a t e r  l eve l  v a r i a t i o n s  w e r e  s t a b l e  
o v e r  the  28 y e a r s  tha t  the  P B S  m o d e l  w a s  run .  H o w e v e r ,  
d i f f e r e n c e s  b e t w e e n  a r e a s  w e r e  s i g n i f i c a n t .  T h e  W a l k e r  p o l y g o n  
h a d  r e l a t i v e l y  l a rg e  a n n u a l  w a t e r  l eve l  v a r i a t i o n s  ( 1 4 .9  ± 5.5  c m ) .  
T h e  M a r k s v i l l e  p o l y g o n  ha d  the  s m a l l e s t  w a t e r  l eve l  v a r i a t i o n s  
(7 .2  ± 1.8 c m ) .  T h e  T r a p a g n i e r ,  L a B r a n c h e  an d  P i q u a n t  p o l y g o n s  
w e r e  all  s im i l a r  w i th  m o d e r a t e  v a r i a t i o n s  ( 1 0 .7  ±  3.4,  10.0 ± 3.1,  
a nd  10.6  ±  3 .4  c m ,  r e s p e c t i v e l y ) .
S E D I M E N T S :  T h e  a v e r a g e  s e a s o n a l  d e p o s i t i o n  o f  s u s p e n d e d
s e d i m e n t s  w a s  c o m p a r e d  w i t h  a v e r a g e  s u s p e n d e d  s e d i m e n t  
c o n c e n t r a t i o n s  o v e r  the  c o u r s e  o f  the  2 8 - y e a r  P B S  s i m u l a t i o n  
( F i g u r e  2 .6 )  an d  as  e x p e c t e d ,  g r e a t e r  s u s p e n d e d  s e d i m e n t  l o a d s  
l e a d s  to  l a r g e r  d e p o s i t i o n s .  A l t h o u g h  s u s p e n d e d  s e d i m e n t  l o a d s  
c a n  h a v e  a r e l a t i v e ly  r a p i d  s e a s o n a l  o s c i l l a t i o n  w i t h in  an a n n u a l  
c y c l e ,  the  r a t e  o f  d e p o s i t i o n  t en d s  to  be c o n s t r a i n e d  ( i .e . ,  is a m o r e
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F i g u r e  2.5.  T h e  f lo w  o f  w a t e r  b e t w e e n  p o l y g o n s  in c o m b i n a t i o n  
w i th  R U N O F F  ( e x c e s s  r a i n f a l l )  an d  L a k e  ( a v e r a g e  w a t e r  level  
f l u c t u a t i o n s  in L a k e  P o n t c h a r t r a i n )  p r o d u c e  s e a s o n a l  w a t e r  l eve l  
c h a n g e s  t h a t  a re  s t a b l e  w i t h in  a p o l y g o n  but  w h i c h  p r o d u c e  l a rg e  
v a r i a t i o n s  a m o n g  p o l y g o n s .
2 3
m o d e r a t e d  p r o c e s s )  by th e  l a c k  o f  s u s p e n d e d  s e d i m e n t s  d u r i n g  
S u m m e r  a n d  Fa l l  a n d  h ig h  f l o w  r a t e s  ( r e s u s p e n s i o n  a n d  e r o s i o n )  
d u r i n g  W i n t e r  an d  S p r i n g .
W e  c o n d u c t e d  a  s e n s i t i v i t y  a n a ly s i s  to  see  h o w  th e  s e a s o n a l
v a r i a t i o n  o f  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  ( S S ) ,  a f t e r  
d e p o s i t i o n ,  v a r i e d  as a f u n c t i o n  o f  c h a n g i n g  s e d i m e n t a t i o n  r a t e s  
a n d  f o u n d  th a t  t h e  r a t e  o f  s e d i m e n t a t i o n  h a d  d i f f e r e n t  i m p a c t s  
w i t h i n  d i f f e r e n t  p o l y g o n s  ( F ig u r e  2 .1k) .  A  h ig h  K s e d  o f  1.0 cm/g/1
r e s u l t e d  in  s u s p e n d e d  s e d i m e n t  l o a d s  o f  z e r o  in a ll  p o l y g o n s  e x c e p t
r 0.0004E 0.005 -1
S u sp e n d e d  S e d i m e n t s
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F i g u r e  2 .6 .  A v e r a g e  c o n c e n t r a t i o n  o f  s u s p e n d e d  s e d i m e n t s  an d  the  
r a t e  o f  d e p o s i t i o n  o f  t h e s e  s e d i m e n t s  is s e a s o n a l  w i th  m a x i m u m  
d e p o s i t i o n  o c c u r r in g  in the  s p r ing  ( m o n t h  2=  F e b . ,  m o n t h  4 =  A pr i l ,  
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2.7 .  Sen s i t i v i t y  o f  the  P B S  m o d e l  to c h a n g i n g  K s e d ,  the 
t a t ion  p a r a m e t e r .  ( A )  D a i ly  s u s p e n d e d  s e d i m e n t  l o a d s ,  
s p o s i t i o n ,  d u r i n g  3 - y e a r  ru n s  o f  the P B S  m o d e l .  (B )  Da i ly  
i on  o f  s u s p e n d e d  s e d i m e n t s ,  as  e l e v a t i o n  m e a s u r e m e n t s ,  
3 - y e a r  r u n s  o f  the  P B S  m o d e l .
t h e  W a l k e r  p o l y g o n .  A  l o w  K s e d  p a r a m e t e r  o f  0 .01  cm/g/1 led  to  
h i g h  s u s p e n d e d  s e d i m e n t  l o a d s  in a l l  p o l y g o n s ,  w i t h  t h e  h i g h e s t  
d a i l y  c o n c e n t r a t i o n s  f o u n d  in  t h e  W a l k e r  p o l y g o n  ( 0 . 0 0 8  g/1) an d  
th e  l o w e s t  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  f o u n d  in the  
T r a p a g n i e r  p o l y g o n  ( 0 .0 0 3 5  g/1). W i t h  a K s e d  v a l u e  o f  0.1 cm/g/1,  
t h e  v a l u e  u s e d  to  run  the  P B S  m o d e l  fo r  28 y e a r s ,  the  d a i ly  
s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  v a r i e d  f r o m  a m a x i m u m  o f  
0 . 0 0 5 3  g/1 in the  W a l k e r  p o l y g o n  to  a m i n i m u m  o f  0 . 0 0 0 7  g/1 in 
t h e  M a r k s v i l l e  p o l y g o n .
T h e  c o n t r i b u t i o n  o f  s u s p e n d e d  s e d i m e n t s  to  t h e  m a i n t e n a n c e  o f  
w e t l a n d  e l e v a t i o n s  ( i .e . ,  a c c r e t i o n )  w a s  e s t i m a t e d  by  m u l t i p l y i n g  
K s e d  by  th e  d a i l y  c h a n g e s  in s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  
( F i g u r e  2 .7 B ) .  A  c o m p a r i s o n  o f  the  m o d e l ' s  r e s p o n s e  to d i f f e r e n t  
K s e d  v a l u e s  i n d i c a t e d  th a t  the  m o s t  a c c r e t i o n  o c c u r r e d  in the  
W a l k e r  p o l y g o n  w h e n  s e d i m e n t a t i o n  K s e d ,  w a s  se t  at  the  
m a x i m u m  v a l u e  o f  1.0 cm/g/1.  T h e  a c c r e t i o n  in the  W a l k e r  
p o l y g o n  v a r i e d  s e a s o n a l l y ,  g o i n g  f r o m  a h ig h  o f  12.7  x 10 -4  c m / d  
d u r i n g  w i n t e r  to a low  o f  6 .4  x 1 0 -4  c m / d  d u r i n g  s u m m e r .  
I n t e r e s t i n g l y ,  w i th  a h ig h  K s e d  the  l ea s t  a m o u n t  o f  a c c r e t i o n  
o c c u r r e d  in M a r k s v i l l e  w h e n  in  r e a l i t y ,  w e  h a v e  o b s e r v e d  h ig h  
s e d i m e n t a t i o n  p o t e n t i a l  in th i s  a r e a  as  e v i d e n c e d  by  th e  f o r m a t i o n  
o f  s e v e r a l  f l o o d  d e l t a s .  T h i s  d i f f e r e n c e  o c c u r s  b e c a u s e  the  P B S  
m o d e l  is o n ly  s i m u l a t i n g  the  pas t  ne t  l and lo ss  t r e n d s  w h i l e  
c u r r e n t  t r e n d s  a p p e a r  to be r e v e r s i n g  d u e  to  i n c r e a s i n g  l ak e  w a t e r  
l e v e l s  a nd  s e d i m e n t  i n p u t s .  W h e n  the  K s e d  v a lu e  w a s  se t  v e ry  low 
( i . e . ,  0 .01 cm/g/1) ,  the  h i g h e r  v a lu e s  fo r  d e p o s i t i o n  (0 .8  x 1 0 - 4  
c m / d )  o c c u r r e d  in  the  P i q u a n t  p o l y g o n  w h i l e  the  l o w e r  v a l u e s  
o c c u r r e d  in T r a p a g n i e r  (0 .3  x 10 -4  c m / d ) .  O u r  s e le c t i o n  o f  a f ina l  
K s e d  v a l u e  o f  0.1 cm/g/1  r e s u l t e d  in m o d e r a t e  a c c r e t i o n  r a t e s  w i th  
s e a s o n a l  d e p o s i t i o n  r a n g e s  b e t w e e n  5 .3  x 1 0 - 4  c m / d  an d  3.7 x 10- 
4  c m / d  in the  W a l k e r ,  P i q u a n t  and  M a r k s v i l l e  p o l y g o n s ,  an d  
b e t w e e n  2.1 x 10 -4  c m / d  and  0.8 x 10 -4  c m / d  in the  T r a p a g n i e r  
a n d  L a B r a n c h e  p o l y g o n s .
26
T h e  P B S  m o d e l  p r e d i c t e d  a s ig n i f i c a n t  d e c l i n e  in e l e v a t i o n s  fo r  
e a c h  p o l y g o n  a f t e r  28  y e a r s  ( F ig u r e  2 .8 ) .  T h e  ra t e  o f  the  d e c l i n e  in 
w e t l a n d  e l e v a t i o n s  w a s  f o u n d  to be  i n v e r s e l y  r e l a t e d  to  t h e  d e g r e e  
o f  w a t e r  l eve l  f l u c t u a t i o n s .  T h e  S p e a r m a n  R a n k  C o r r e l a t i o n  
C o e f f i c i e n t  b e t w e e n  w a t e r  l e v e l  f l u c t u a t i o n s  a n d  e l e v a t i o n s  w a s  
- 0 .9 0  w i t h  a  s i g n i f i c a n c e  l eve l  o f  0 .05  ( o n e - t a i l e d  tes t ) .  T h e  
W a l k e r  p o l y g o n  h a d  th e  g r e a t e s t  w a t e r  l e v e l  v a r i a t i o n s  a n d  the  
s m a l l e s t  d e c r e a s e  in w e t l a n d  e l e v a t i o n s  ( 1 6 . 9  c m / 2 8  y e a r s )  w h i l e  
t h e  M a r k s v i l l e  p o l y g o n  ha d  the  s m a l l e s t  w a t e r  l e v e l  v a r i a t i o n s  an d  
th e  l a r g e s t  d e c r e a s e  in w e t l a n d  e l e v a t i o n  ( 3 1 .2  c m / 2 8  y e a r s ) .  T h e  
T r a p a g n i e r ,  L a B r a n c h e  a n d  P i q u a n t  p o l y g o n s  h a d  m o d e r a t e  
d e c r e a s e s  in w e t l a n d  e l e v a t i o n s  in c o m p a r i s o n  to the  o t h e r  t w o  
s i t e s  ( 2 7 .0 ,  2 0 .9 ,  a n d  2 5 .7  c m / 2 8  y e a r s ,  r e s p e c t i v e l y )  bu t  w e r e  sti l l  
s e n s i t i v e  to  t h e  d e g r e e  o f  w a t e r  l eve l  f l u c t u a t i o n s .
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F i g u r e  2.8.  D e c r e a s e  in w e t l a n d  e l e v a t i o n s  f o r  e a c h  o f  the  f ive  
p o l y g o n s  s i m u l a t e d  by  the  P B S  m o d e l  f r o m  1952  to  1 9 8 0  (d a i ly  
t i m e  s t e p s  o v e r  a 2 8 - y e a r  p e r i o d ) .
T h e  w e t l a n d  e l e v a t i o n s  d e c r e a s e d  in e a ch  p o l y g o n  as  a l i n e a r  
f u n c t i o n  o f  t im e  ( T a b le  2 .2 ) .  T h e  s lo p e s  o f  the  r e g r e s s i o n  l ines
i n d i c a t e  the  r a t e s  o f  l and  lo ss  in e a c h  p o l y g o n  ( E l e v a t i o n )  an d  the  
r e l a t i v e  d e p o s i t i o n  r a t e s  o f  o r g a n i c  m a t t e r  ( E B M ) .  T a b l e  2 .2  a l so  
s u m m a r i z e s  the  l o n g  t e r m  e l e v a t i o n  t r e n d s  p r e d i c t e d  by  th e  P B S  
m o d e l  as  a  f u n c t i o n  o f  t h r e e  d i f f e r e n t  K s e d  va lu e s .  I t  i s  s ig n i f i c a n t  
t o  n o t e  th a t  f o r  a d e g r a d i n g  w e t l a n d  the  P B S  m o d e l  p r e d i c t s  ve ry  
l i t t l e  b u i ld  u p  o f  l and  as  a f u n c t i o n  o f  b i o m a s s  a c c u m u l a t i o n  ( E B M ) .  
O n l y  the  L a B r a n c h e  a n d  W a l k e r  p o l y g o n s  s h o w e d  a p o s i t i v e  
c o n t r i b u t i o n  to  w e t l a n d  e l e v a t i o n  d u e  to  b i o - p r o d u c t i v i t y .
A c c o r d i n g  to  t h e  P B S  m o d e l ,  the  P i q u a n t  and  M a r k s v i l l e  p o l y g o n s  
h a v e  b e e n  s l o w l y  lo s in g  t h e i r  ab i l i t y  to p r o d u c e  o r g a n i c  m a t t e r .
A l t h o u g h  th e  T r a p a g n i e r  p o l y g o n ,  w i t h  i ts  h ig h  e l e v a t i o n s  a n d  i ts 
h i g h  p e r c e n t a g e  o f  s w a m p  h a b i t a t ,  m a n a g e d  to  m a i n t a i n  a s t e a d y  
i n p u t  o f  o r g a n i c  m a t t e r  ( i .e .  3 . 1 *1 0 " 3  c m / d a y ) ,  it  w a s  i n s u f f i c i e n t  
to  k e e p  up  w i th  s u b s id e n c e .  T h e  s lo p e  o f  the land  loss  c u r v e  fo r  
T r a p a g n i e r  ( - 0 . 0 8 1 )  w a s  g r e a t e r  than  f o r  a n y  o t h e r  p o l y g o n .  
S u s p e n d e d  s e d i m e n t s  r e a c h  T r a p a g n i e r  v i a  p u m p  w a t e r  bu t  th is  
w a t e r  is r e l a t i v e l y  d e v o i d  o f  s e d i m e n t s .  I n c r e a s i n g  the  
s e d i m e n t a t i o n  p a r a m e t e r  ( K s e d )  ha d  l i t t l e  e f f e c t  u p o n  the  l a n d  lo ss  
s lo p e s  s h o w n  in T a b l e  2 .2 .  T h i s  i m p l i e s  that  t h e re  m u s t  be an  
i n c r e a s e  in s e d i m e n t  l o a d i n g  i f  T r a p a g n i e r  is to  r e v e r s e  the  c u r r e n t  
t r e n d .
S U C C E S S I O N :  E a c h  p o l y g o n  in the P B S  m o d e l  w a s  in i t i a l i zed  wi th  a 
d i f f e r e n t  m i x  o f  h a b i t a t  t y p e s  b a s e d  u p o n  d i f f e r e n c e s  s e e n  in 
a e r i a l  i m a g e s  ( P i e r c e  et  al.  1985) .  T h e s e  in i t ia l  v a lu e s  fo r  s w a m p ,  
m a r s h ,  a n d  w a t e r  can  be seen  at  y e a r  o n e  in F i g u r e  2.9.  T h e  
p r e d i c t e d  h a b i t a t  c h a n g e s  in e a c h  p o l y g o n  i n d i c a t e  w h i c h  a r e a s  
w e r e  m o s t  s u s c e p t i b l e  t o  d e c r e a s i n g  w e t l a n d  e l e v a t i o n s ,  s u s p e n d e d  
s e d i m e n t  s u p p l i e s ,  a n d  o r g a n i c  m a t t e r  a c c u m u l a t i o n s  ( F i g u r e  2 .9 ) .  
T r a p a g n i e r ,  t he  ce l l  w i th  the  m o s t  s w a m p  a re a ,  w a s  s t a b l e  fo r  25 
y e a r s .  A f t e r  25  y e a r s  the  w e t l a n d  e l e v a t i o n  o f  T r a p a g n i e r  
d r o p p e d  r a p i d l y  an d  w a s  a f f e c t e d  by th e  w a t e r  l eve l  f l u c t u a t i o n s  
in L a k e  P o n t c h a r t r a i n .  A t  th is  po in t  in t im e  s w a m p s  b e g a n  to f lood  
a n d  w e r e  r e p l a c e d  by  m a r s h .  T h i s  r e p l a c e m e n t  by m a r s h
p r o c e e d e d  v e r y  r a p i d l y .  I t  t o o k  o n l y  t h r e e  y e a r s  f o r  the  s i m u l a t e d  
s w a m p  a r e a  to  d e c r e a s e  by  25 p e r c e n t .  A l t h o u g h  th is  is  p r o b a b l y  
an u n r e a l i s t i c  r a t e  o f  d e c l i n e  f o r  a n y  i n d i v i d u a l  t r e e  i t  w a s  r e a l i s t i c  
at th is  l a n d s c a p e  l eve l  m o d e l  b e c a u s e  w e  a s s u m e d  th a t  l o s s  o f  
v i a b i l i t y  w a s  s u f f i c i e n t  f o r  r e c l a s s i f i c a t i o n  ( i .e . ,  p e r s i s t e n t  f l o o d i n g  
p r e v e n t s  c y p r e s s  r e g e n e r a t i o n  ), t h a t  t i m e - d e l a y  m o r t a l i t y  w a s  
u n i m p o r t a n t  ( i .e . ,  i t  w a s  n o t  a c o m p o n e n t  o f  the  M a y - M a c A r t h u r  
e q u a t i o n s )  a n d  t h a t  l a n d s c a p e s  a r e  s e n s i t i v e  to  c r i t i c a l  t h r e s h o l d  
v a l u e s  ( i . e . ,  c a t a s t r o p h e  t h e o r y ) .
T a b l e  2 .2 .  L i n e a r  r e g r e s s i o n s  o f  3 - y e a r  r u n s  o f  t h e  P B S  
m o d e l  s h o w i n g  the  c h a n g e  in w e t l a n d  e l e v a t i o n s  a n d  the  
b u i l d u p  o f  w e t l a n d  e l e v a t i o n s  d u e  to  b i o m a s s  a c c u m u l a t i o n  
in the  s e d i m e n t s  as  a f u n c t i o n  o f  t h r e e  s e d i m e n t a t i o n  
p a r a m e t e r  v a l u e s .
Polygon Ksed Elevation
in te rce p t
( c m )
EBM *
Slope
( c m / d )
in te rce p t
( c m )
Slope
( c m / d )
LaBranche 0. 01 5 4 . 9 8 - 0 . 0 5 8 3 . 8 1 0 - 3 3 . 0 * 1 0 - 6
0.1 5 5 - 0 . 0 5 3 3 . 8 1 0 - 3 3 . 0 * 1 0 - 6
1 5 4 . 9 9 - 0 . 0 5 7 3 . 8 1 0 - 3 3 . 0 * 1 0 - 6
W a lke r 0.01 5 5 . 9 7 - 0 . 0 5 9 3 . 7 1 0 - 3 5 . 8 * 1 0 - 6
0.1 5 5 . 9 9 - 0 . 0 4 8 3 . 7 1 0 - 3 5 . 5 * 1 0 - 6
1 5 6 - 0 . 0 3 3 3 . 7 1 0 - 3 4 . 9 * 1 0 - 6
Piquant 0.01 5 0 - 0 . 0 5 9 3 . 9 1 0 - 3 - 2 . 3 * 1 0 - 6
0.1 5 0 . 0 2 - 0 . 0 5 4 3 . 9 1 0 - 3 - 2 . 1 * 1 0 - 6
1 5 0 . 0 2 - 0 . 0 5 8 3 . 9 1 0 - 3 - 2 . 2 * 1 0 - 6
M a rk s v ille 0. 01 47 . 01 - 0 . 0 6 3 3 . 8 1 0 - 3 - 3 . 6 * 1 0 - 6
0.1 4 7 . 0 2 - 0 . 0 6 3 . 8 1 0 - 3 - 3 . 4 * 1 0 - 6
1 4 7 . 0 2 - 0 . 0 6 4 3 . 8 1 0 - 3 - 3 . 6 * 1 0 - 6
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F i g u r e  2 .9 .  T h e  c h a n g e  in c o m m u n i t y  s t ru c tu re  in e a c h  p o l y g o n  as 
p r e d i c t e d  by  the P B S  m o d e l  f r o m  1952  ( y e a r  o n e  on the  x - a x i s )  to 
1 9 8 0 .
3 0
T h e  W a l k e r  a n d  L a B r a n c h e  p o l y g o n s  w e r e  the  o n l y  a r e a s  to  s h o w  
a n  in i t i a l  i n c r e a s e  in  s i m u l a t e d  m a r s h  a rea .  D u r i n g  th e  f i r s t  6  
y e a r s  o f  t h e  s i m u l a t i o n  th e  a m o u n t  o f  m a r s h  h e c t a r e s  in L a B r a n c h e  
i n c r e a s e d  f r o m  1 2 0 9  h a  to  1289  ha. A f t e r  t h e s e  f i r s t  6  y e a r s  the 
m a r s h  a r e a  d r o p p e d  f r o m  1289  h a  to 9 2 5  h a  w h i l e  s i m u l a t e d  
s w a m p  a r e a  d r o p p e d  f r o m  748  ha  to  3 4 4  ha  a n d  w a t e r  a r e a  
i n c r e a s e d  f r o m  100 ha  to 7 8 9  ha. D u r i n g  the  f i r s t  9 y e a r s  o f  the 
s i m u l a t i o n  the  a m o u n t  o f  m a r s h  in the  W a l k e r  p o l y g o n  i n c r e a s e d  
f r o m  1119  ha  to  1 2 9 4  ha ,  a f t e r  w h i c h  t im e  th e  m a r s h  a r e a  
d r o p p e d  f r o m  1 2 9 4  h a  to 1095  ha ,  t h e  s w a m p  a r e a  d r o p p e d  f r o m  
8 5 6  h a  to 4 5 4  ha,  a n d  the  a m o u n t  o f  o p e n  w a t e r  i n c r e a s e d  f r o m  92 
h a  to 5 1 8  ha.
T h e  m o s t  d r a m a t i c  c h a n g e s  in h a b i t a t  d i s t r i b u t i o n s  w i t h in  a n y  o f  
the  p o l y g o n s  p r e d i c t e d  by  the P B S  m o d e l  o c c u r r e d  in P i q u a n t  an d  
M a r k s v i l l e .  T h e r e  w a s  a s t e a d y  d e c r e a s e  in s w a m p  a n d  m a r s h  
a r e a  a n d  a v e ry  s t e e p  i n c r e a s e  o f  w a t e r  a rea .  A f t e r  28  y e a r s  o f  
s i m u l a t i o n ,  the  s w a m p  a r e a  in P i q u a n t  d r o p p e d  f r o m  6 6 0  ha  to 
146  ha ,  the  m a r s h  a r e a  d e c r e a s e d  f r o m  1409  h a  to  6 2 4  ha ,  a n d  
w a t e r  a re a  i n c r e a s e d  f r o m  191 ha  to  1490  ha. In  the  M a r k s v i l l e  
p o l y g o n ,  s w a m p  d e c r e a s e d  f r o m  255  h a  to  2 0  ha ,  m a r s h  d r o p p e d  
f r o m  5 6 4  ha to 166 ha,  an d  ope n  w a t e r  i n c r e a s e d  f r o m  112 ha to 
7 4 6  ha.
DISC USSIO N
T h e  P B S  m o d e l  w a s  d e s i g n e d  to e x a m i n e  m a r s h  s u c c e s s i o n  at  the  
l a n d s c a p e  l eve l  an d  to  e v a l u a t e  the u t i l i ty  o f  the  p o l y g o n  d e s i g n  fo r  
l a n d s c a p e  s i m u l a t io n .  F o r  w h a t  it w a s  d e s i g n e d  for ,  the  P B S  m o d e l  
d o e s  a r e a s o n a b l y  g o o d ,  but  no t  an o u t s t a n d i n g  j o b .  A r e g r e s s i o n  
a n a l y s i s ,  u s e d  as  a m e a s u r e  o f  the  g o o d n e s s - o f - f i t  b e t w e e n  
p r e d i c t e d  a n d  a c tu a l  h a b i t a t  c h a n g e  ( ( C o s t a n z a  a n d  S k l a r  1985) ,  
r e s u l t e d  in an o f  0 .5 6  w i th  a pcO.OOOl. D e c o m p o s e d  in to  its 
s e p a r a t e  h a b i t a t  c o m p o n e n t s ,  t h e  r -  i n d i c a t e d  tha t  the  P B S  m o d e l
c o u l d  a c c o u n t  f o r  6 2 . 6 % ,  5 0 % ,  an d  4 1 . 9 %  o f  the  spa t i a l  va r i a t i o n  
o v e r  t i m e  f o r  s w a m p ,  m a r s h ,  an d  o p e n  w a t e r ,  r e s p e c t i v e l y .
P e a r s o n  p r o d u c t - m o m e n t  c o r r e l a t i o n s ,  in t e r m s  o f  h e c t a r e s ,  
s u g g e s t  t h a t  the  P B S  m o d e l  c a p t u r e d  th e  o b s e r v e d  t e m p o r a l  
h a b i t a t  an d  l a n d  lo ss  t r e n d s  ( T a b l e  2 .3 ) .  F o r  e a c h  h a b i t a t  type ,  
l a r g e  p o s i t i v e  c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  th e  n u m b e r  o f  
h e c t a r e s  s i m u l a t e d  a n d  t h e  n u m b e r  o f  h e c t a r e s  o b s e r v e d .  T h e r e  
w e r e  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  b e t w e e n  s w a m p  a n d  w a t e r  
h e c t a r e s  i n d i c a t i n g  tha t  l a n d  lo ss  o r  l and  ga in  in St.  C h a r l e s  is a 
d y n a m i c  e x c h a n g e  b e t w e e n  s w a m p  h a b i t a t s  a n d  o p e n  w a t e r  a r e a s .  
T h e  P B S  m o d e l  a l s o  f o u n d  th a t  s w a m p s  c a n  a p p e a r  r e l a t i v e ly  
s t a b l e  fo r  l ong  p e r i o d s  o f  t im e ,  w h e n  th e y  c o u l d  in fac t  be 
e x p e r i e n c i n g  d e g r a d i n g  e n v i r o n m e n t a l  c o n d i t i o n s  w h i c h  c a n  r e s u l t  
in  r a p i d  h a b i t a t  c h a n g e s  a f t e r  a t o l e r a n c e  t h r e s h o l d  is e x c e e d e d .  
H a s  t h e  t h r e s h o l d  b e e n  r e a c h e d  fo r  th is  l a n d s c a p e ?  T h e  n e g a t i v e  
c o r r e l a t i o n  m a t r ix  i m p l i e s  that  it has .  P e r s o n a l  o b s e r v a t i o n s  in 
1988  i n d i c a t e  tha t  h a r d w o o d  s w a m p s  in th is  a r e a ,  e s p e c i a l l y  in the  
T r a p a g n i e r  p o l y g o n ,  a re  b e i n g  q u i c k l y  r e p l a c e d  by  m a r s h  a n d  o p e n  
w a t e r  h a b i t a t s .  H o w e v e r ,  p h o t o  i n t e r p r e t a t i o n  o f  r e c e n t  ae r i a l  
p h o t o g r a p h s  is n e c e s s a r y  to v a l i d a t e  the  p r e d i c t e d  f o r e s t  d e c l i n e .
T h e  p r o b l e m  wi th  this  P B S  m o d e l  is its s im p l ic i t y .  T h i s  m o d e l  
m o s t l y  d e s c r i b e s  g e n e r a l  e c o l o g i c a l  p r o c e s s e s  f o r  s i m p l e  spa t i a l  
d i s t r i b u t i o n s  a n d  is no t  w e l l  e q u i p p e d  f o r  p r e d i c t i n g  s h o r t  t e r m  
o c c u r r e n c e s .  T h e  use  o f  a c o n s t a n t  K s e d  for  the  e n t i r e  a re a  d o e s  
n o t  r e f l e c t  the t rue  spa t i a l  d y n a m i c s  o f  d e p o s i t i o n  a n d  e r o s i o n ,  and  
a l t h o u g h  f u r t h e r  s tu d y  is n e c e s s a r y ,  K s e d  s h o u l d  be m a d e  
d e p e n d e n t  u p o n  h a b i t a t  d i s t r i b u t i o n s  a n d  v e g e t a t i o n  d e n s i t y .
O t h e r  p r o b l e m s  i n c l u d e  the  use  o f  g e n e r a l i z e d  f o r c i n g  f u n c t i o n s  
a n d  a o n e  p a r a m e t e r  ( i .e .  e l e v a t i o n )  d e t e r m i n a t i o n  fo r  h a b i t a t  
s u c c e s s i o n .  T h e  M a y - M a c A r t h u r  m o d e l  o f  s u c c e s s i o n  a p p e a r s  to 
o v e r - s i m p l i f y  a c o m p l e x  p r o c e s s e s  an d  s h o u l d  be e n h a n c e d  to 
i n c l u d e  m o r e  v a r i a b l e s .  O t h e r  i m p r o v e m e n t s  s h o u l d  i n c l u d e  
m e a s u r e m e n t s  o f  e l e v a t i o n  g r a d i e n t s  in e a c h  p o l y g o n  to b e t t e r
r e l a t e  e l e v a t i o n s  to  f l o o d  d u r a t i o n  a n d  s y n o p t i c  m e a s u r e m e n t s  o f  
s e d i m e n t  c o n c e n t r a t i o n s  in t h e  w a t e r  to  v a l i d a t e  a s s u m p t i o n s  on 
s u s p e n d e d  s e d i m e n t  l o a d s .
T a b l e  2 .3 .  C o r r e l a t i o n s  m a t r i x  c o m p a r i n g  h e c t a r e s  o f  s w a m p ,  
m a r s h ,  a n d  o p e n  w a t e r  h a b i t a t s  as  p r e d i c t e d  by  the  P B S  m o d e l  a n d  
as  m e a s u r e d  b y  P i e r c e  et  a l.  ( 1 9 8 5 ) .
PBS PBS PBS
Swamp M arsh W ate r Swamp M arsh W ater
PBS Swamp 1
PBS Marsh - 0 . 1 8 4 1
PBS Water - 0 . 7 3 6 0 . 0 5 4 1
Swamp 0 . 7 5 4 - 0 . 1 1 1 - 0 . 5 1 8 1
M arsh - 0 . 3 1 4 0 .7 2 3 0. 341 - 0 . 0 7 5 1
W ater - 0 . 7 4 7 0. 081 0. 691 - 0 . 5 5 5 - 0 . 4 1 3  1
D e s p i t e  all  i ts s h o r t c o m i n g s ,  a p o l y g o n - b a s e d  s i m u l a t i o n  m o d e l  ha s  
s o m e  rea l  v a l i d i t y  a n d  u t i l i ty .  T h e  r e g r e s s i o n  d a t a  i n d i c a t e d  tha t  
the P B S  m o d e l  fo r  the  St . C h a r l e s  w e t l a n d  l a n d s c a p e  s i m u l a t e d  
the  s u b s i d e n c e ,  a c c r e t i o n ,  w e t l a n d  p r o d u c t i v i t y ,  a n d  h a b i t a t  
d y n a m i c s  r e a s o n a b l y  we l l .  A s  a r e s u l t ,  w e  c a n  d i s c u s s  the  
s i g n i f i c a n t  e c o l o g i c a l  p a t t e r n s  w h i c h  e m e r g e d .  T h a t  is,  a c c r e t i o n  
f r o m  s u s p e n d e d  s e d i m e n t  d e p o s i t i o n  is p r o p o r t i o n a l l y  m o r e  
i m p o r t a n t  in t h o s e  a r e a s  w h e r e  b i o m a s s  d e p o s i t i o n  is l o w e s t  ( T a b l e  
2 .2 ) ,  s u s p e n d e d  s e d i m e n t  d e p o s i t i o n  is n o n l i n e a r  ( F i g u r e  2 .6 ) ,  an d  
h a b i t a t  c h a n g e  is a f u n c t i o n  o f  s p a t i a l  d i f f e r e n c e s  in t h e  a p p a r e n t  
s u b s i d e n c e  r a t e s  ( F i g u r e  2 .9 ) .  T h e s e  s i m u l a t e d  r e l a t i o n s  she d  l igh t  
on w h a t  w e  o b s e r v e  in n a tu r e .  F o r  y e a r s ,  local  f i s h e r m e n  and  
h u n t e r s  h a v e  n o t i c e d  that  the  m a r s h  p l a n t s  in the  M a r k s v i l l e  a r e a  
d i e d  v e ry  e a r l y  in the  fal l  w h i l e  o t h e r  m a r s h e s  s t a y e d  g r e e n  
t h r o u g h  D e c e m b e r .  A c c o r d i n g  to  T h e  Soi l  C o n s e r v a t i o n  S e r v i c e  
( 1 9 8 7 ) ,  th is  p h e n o m e n o n  is the r e s u l t  o f  sa l t  w a t e r  i n t r u s io n .  
H o w e v e r ,  w h y  is salt  w a t e r  i n t r u s i o n  o c c u r r i n g ?  A c c o r d i n g  to  the  
P B S  m o d e l ,  the  M a r k s v i l l e  p o l y g o n  s e d i m e n t a t i o n  r a t e s  a re  no t
k e e p i n g  u p  w i t h  s u b s i d e n c e  ( i n c r e a s i n g  K s e d  ha d  l i t t l e  i m p a c t ) .
T h i s  m e a n s  th a t  d u r i n g  t h e  Fa l l  d r y  p e r i o d ,  w h e n  r u n o f f  is a t  a 
m i n i m u m  ( F i g u r e  2 .3 ) ,  t h e  h y d r o l o g i c  h e a d  on  the  m a r s h  ( i .e.  
e l e v a t i o n )  is n o t  m a i n t a i n i n g  the  h e i g h t  n e e d e d  to  k e e p  b r a c k i s h  
l a k e  w a t e r  ( L a k e  P o n t c h a r t r a i n  i n c r e a s e s  in s a l i n i t y  e a c h  Fa l l ,
S t o n e  a n d  H i n c h e e  1 9 8 0 )  f r o m  m o v i n g  u p  in to  the  m a r s h e s .  T o  
c o m p e n s a t e  f o r  s a l t  w a t e r  i n t r u s i o n  t h e r e  m u s t  be  m o r e  p u m p i n g  
o f  u r b a n  a n d  r i v e r  w a t e r s  to  i n c r e a s e  f r e s h  w a t e r ,  o r  t h e r e  m u s t  
b e  m o r e  d e p o s i t i o n  to  i n c r e a s e  the  e l e v a t i o n .  T h e r e  is a p r o j e c t  
n o w  to  i n c r e a s e  the  d e p o s i t i o n  f a c t o r  o f  the  s u s p e n d e d  s e d i m e n t s  
b y  b u i l d i n g  b r u s h  f e n c e s  ( K a m p s  1962 ;  V e r h o e v e n  a n d  A k k e r m a n  
1967;  B o u m a n s  et al. 1987 ;  D a y  e t  al. 1988)  on  m u d  f la t s  a n d  by 
p l a n t i n g  m a r s h  g r a s s e s  ( W o o d h o u s e  et  al.  1974 ;  J o e n j e  1978;  
K n u d s o n  an d  W o o d h o u s e  1983;  W e b b  et al. 1984) .  It wi ll  be 
i n t e r e s t i n g  to  see  i f  t h e s e  t e c h n i q u e s  c a n  r e v e r s e  c u r r e n t  t r e n d s .
O u r  m o d e l  f o u n d  l i t t le  m o v e m e n t  o f  s u s p e n d e d  s e d i m e n t s  o u t  o f  
t h e  l ak e  a n d  i n to  the  s tu d y  a rea .  S u s p e n d e d  s e d i m e n t  
c o n c e n t r a t i o n s  f o l l o w e d  th e  u p l a n d  r u n o f f  f u n c t i o n  a n d  n o t  the  
f u n c t i o n  s i m u l a t i n g  the  l a k e  w a t e r  h e a d .  D u r i n g  the  2 8 - y e a r  r u n s  
o f  the  P B S  m o d e l  the  e l e v a t i o n s  in e a c h  o f  the p o l y g o n s  s t a y e d  
h ig h  e n o u g h  to k e e p  lake  w a t e r  ou t  o f  the a rea .  In r e a l i t y ,  w i n d  
i n d u c e d  t ide s  m a k e  the  l ak e  w a t e r  h e a d  f l u c t u a t e  a r o u n d  the  
a v e r a g e  l a k e  w a t e r  l eve l  ( S t o n e  an d  H i n c h e e  1980;  W a n g  a n d  
S c a r l a t o s  1982;  B a u m a n n  1987) ,  so  that  d u r i n g  h ig h  w i n d s  a n d  
h ig h  t ide s  the  l ak e  w a t e r  has  m o r e  o f  a c h a n c e  to e n t e r  the  a rea .  
A l t h o u g h  th e  i n c o r p o r a t i o n  o f  w i n d  i n to  o u r  m o d e l  w o u l d  i n c r e a s e  
i ts  r e a l i s m  an d  i ts  v a l i d i t y ,  it w a s  not  i n c l u d e d  b e c a u s e  the  p o s i t i v e  
e f f e c t s  o f  w i n d  ( i .e . ,  the  r e s u s p e n s i o n  and  r e - d e p o s i t i o n  o f  
s e d i m e n t s  up  o n t o  h i g h e r  g r o u n d ,  ( B a u m a n n  et  al.  1984 ) ) ,  is to a 
d e g r e e  b a l a n c e d  by the  n e g a t i v e  e f f e c t s  o f  w i n d  ( i .e . ,  t h e  e r o s i o n  
a n d  e x p o r t  o f  s e d i m e n t s  d o w n w i n d ,  ( M e n t h a  1984 ) ) .  E v e n  w i th  
w i n d  i n d u c e d  t idal  i n u n d a t i o n s  it a p p e a r s  f r o m  o u r  r e s u l t s  t h a t  the  
p o l y g o n s  d o m i n a t e d  by  s w a m p s  ( T r a p a g n i e r  a n d  L a B r a n c h e )  wil l  
c o n t i n u e  to d e g r a d e  b e c a u s e  they  a re  e i t h e r  to o  f a r  f r o m  L a k e
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P o n t c h a r t r a i n  o r  t h e y  a re  cu t  o f f  f r o m  the  l a k e  d u e  to  m a n - m a d e  
i m p e d i m e n t s  ( e .g . ,  spo i l  l e v e e s  a n d  r a i l r o a d s ) .
T h e  e l e v a t i o n s  d e c r e a s e d  at  d i f f e r e n t  r a t e s  in the  d i f f e r e n t  
p o l y g o n s .  T h e  p o l y g o n s  wi th  the  m o s t  m a r s h  a r e a  ( L a B r a n c h e  and  
W a l k e r )  d e c r e a s e d  the least .  T h e  p o l y g o n s  w i th  the m o s t  w a t e r  
a r e a  ( P i q u a n t  a n d  M a r k s v i l l e )  d e c r e a s e d  the  m o s t .  T h e  m a r s h  
d o m i n a t e d  p o l y g o n s  w e r e  a b le  to  c o m p e n s a t e  f o r  s u b s i d e n c e  
b e t t e r  t h a n  the  o t h e r  a r e a s  b e c a u s e  the  h i g h e r  p r o d u c t i v i t i e s  o f  
m a r s h  g r a s s e s  a d d e d  to  the  e l e v a t i o n  as o r g a n i c  d e p o s i t i o n  ( E B M ) .  
F o r  t h i s  m a r s h  d o m i n a t e d  l a n d s c a p e ,  the  c o r r e l a t i o n  b e t w e e n
e l e v a t i o n  c h a n g e  an d  b i o m a s s  d e p o s i t i o n  ( E B M ) ,  in t h r e e  y e a r  r u n s  
o f  the  m o d e l ,  w a s  f o u n d  to be m o r e  s i g n i f i c a n t  ( r = 0 . 8 2 5 ,  p < 0 . 0 0 0 1 )  
th a n  the  c o r r e l a t i o n  b e t w e e n  e l e v a t i o n  c h a n g e  a n d  e l e v a t i o n  bu i l t  
by  s u s p e n d e d  s e d i m e n t s  ( E S S )  ( r = 0 .6 8 1 ,  p < 0 .0 3 ) .  It s e e m s  tha t  as 
m a r s h e s  d i s a p p e a r  the  l a n d s c a p e ' s  a b i l i t y  to  c o m p e n s a t e  fo r  
s u b s i d e n c e  is s i g n i f i c a n t l y  r e d u c e d .
E l e v a t i o n  c h a n g e  w a s  a l s o  r e l a t e d  to w a t e r  l eve l  f l u c t u a t i o n s .  T h e  
g r e a t e r  the  a n n u a l  w a t e r  l eve l  v a r i a t i o n  the  s m a l l e r  the  d e c l i n e  in 
the  e l e v a t i o n  c u r v e  ( F ig u r e  2.8) .  T h i s  is c o n s i s t e n t  w i th  the 
s u b s i d y - s t r e s s  h y p o t h e s i s  o f  O d u m  et al. ( 1 9 7 9 )  w h i c h  s t a t e s  that  
the  b e n e f i t s  o f  e n e r g e t i c  p r o c e s s e s  s u c h  as  t ides ,  w a v e s ,  an d  
s u n l i g h t  to  an e c o s y s t e m  c a n  be p lo t t e d  as  a n o r m a l  d i s t r i b u t io n .  
M a x i m u m  s u b s i d y  o c c u r s  in the  m id  r a n g e  o f  the  b e l l - s h a p e d  
c u r v e  w h i l e  s t r e s s  o c c u r s  a t  the  t w o  e x t r e m e s .  I m p o u n d m e n t s ,  
l e v e e s ,  a n d  r o a d s  d e c r e a s e  the  a n n u a l  w a t e r  l eve l  v a r i a t i o n  
( S w e n s o n  an d  T u r n e r  1987;  W a n g  1987) .  D e c r e a s i n g  the  
h y d r o l o g i c  s u b s i d i e s  by  pa r t i a l  o r  c o m p l e t e  i m p o u n d m e n t  o f  
w e t l a n d s  has  l o w e r e d  t ree  g r o w t h  ( C o n n e r  et al. 1981)  and  a n im a l  
d i v e r s i t y  ( S k l a r  1983 )  in o t h e r  L o u i s i a n a  w e t l a n d s .
T h e  P B S  m o d e l  is a po ten t ia l  too l  fo r  the e x p l o r a t i o n  o f  g e n e r a l i z e d
w e t l a n d s  p r o c e s s e s  at the  l a n d s c a p e  level .  S i m u l a t i n g  lo n g  t e r m  
t r e n d s  u s in g  a p o l y g o n - b a s e d  s p a t i a l  m o d e l ,  ha s  m a n a g e m e n t  an d
e c o l o g i c a l  u t i l i ty  b e c a u s e  the  m o d e l  c a n  a d d r e s s  c u m u l a t i v e  
i m p a c t s  ( D i j k e m a  e t  al. 1985;  G o s s e l i n k  a nd  L e e  1987) .  P o i n t  an d  
n o n - p o i n t  f o r c i n g  f u n c t i o n s  ( i .e . ,  p e r t u r b a t i o n s )  c a n  be  e a s i l y  
i n c o r p o r a t e d  to  e v a l u a t e  i m p a c t s  a n d  m a n a g e m e n t  p l a n s  a t  a 
r e g i o n a l  sca le .
T h e r e  a r e  o n ly  a f e w  spa t i a l  m o d e l s  o f  e c o s y s t e m  p r o c e s s e s  
( C o s t a n z a  and  S k l a r  1985 ) .  T h e  c o m p l e x i t y  a s s o c i a t e d  w i th  
s i m u l a t i n g  b o th  s p a t i a l  a n d  t e m p o r a l  t r e n d s  w i t h  a m e c h a n i s t i c  
m o d e l  h a s  d e t e r r e d  i ts  d e v e l o p m e n t .  O u r  o w n  e x p e r i e n c e  w i th  the  
C E L S S  m o d e l  o f  ( D i j k e m a  et al. 1985;  S k la r  e t  al. 1989)  is a c a s e  in 
p o in t .  T h e  C E L S S  m o d e l  has  o v e r  2 4 0 0  ce l l s ,  2 0 0 0  l ines  o f  
p r o g r a m m i n g  c o d e ,  an d  o v e r  1 0 0  p a r a m e t e r s  c o n t r o l l i n g  o n l y  e ig h t  
s ta t e  va r i a b le s .  In g e n e ra l ,  an i n c r e a s e  in the n u m b e r  o f  ce l l s  and  
p a r a m e t e r s  w i l l  i n c r e a s e  the  d e g r e e  o f  u n c e r t a i n t y  i f  the  d a t a  
r e q u i r e m e n t s  a re  no t  m e t .  On  the  o t h e r  h a n d ,  the  P B S  m o d e l  has  
o n l y  130  l ines  o f  c o d e ,  f iv e  p o l y g o n s  an d  2 0  p a r a m e t e r s  c o n t r o l l i n g  
f i v e  s t a t e  v a r i a b l e s  ( i .e .  w a t e r ,  s u s p e n d e d  s e d i m e n t s ,  p r i m a r y  
p r o d u c t i o n ,  h a b i t a t  type ,  and  e l e v a t i o n ) .  T h e  P B S  m o d e l  r e q u i r e d  a 
s m a l l  d e s k t o p  c o m p u t e r .  T h e  C E L S S  m o d e l  r e q u i r e d  a C r a y  II 
s u p e r  c o m p u t e r .  T h e  d i f f e r e n c e  w a s  a b e t t e r  g o o d n e s s - o f - f i t  
b e t w e e n  the  rea l  and  s im u l a t e d  d a t a  fo r  the  C E L S S  m o d e l  ( C o s t a n z a  
et  al. 1986 )  than  fo r  the  P B S  m o d e l  ( 0 .8 9  a n d  0 .5 6 ,  r e s p e c t i v e ly ) .  
T h e  t r a d e - o f f  a p p e a r s  to be m o r e  r a p i d  s i m u l a t i o n  t im e  at the  
e x p e n s e  o f  m o d e l  a c c u r a c y  an d  r e a l i s m .  A l t h o u g h  the  c o r r e l a t i o n  
a n d  r e g r e s s i o n  r e su l t s  fo r  the  P B S  m o d e l  w e r e  no t  as  h ig h  as  t h o s e  
r e p o r t e d  fo r  the  C E L S S  m o d e l  t h e y  d id  h o w e v e r ,  i n d i c a t e  that  the 
l o n g  t e r m  t r e n d s  an d  spa t i a l  e c o lo g i c a l  p r o c e s s e s  in a w e t l a n d  c a n  
b e  c a p t u r e d  by a r e l a t i v e l y  s im p l e  p r o g r a m  b a s e d  on e x c h a n g e s  
a c r o s s  p o l y g o n s .  T h i s  is a s ig n i f i c a n t  f in d i n g  b e c a u s e  it o p e n s  the 
d o o r  to the  d e v e l o p m e n t  o f  d y n a m i c  G I S  ( g e o g r a p h i c  i n f o r m a t i o n  
s y s t e m s ) .
G I S ' s  a re  r a p i d l y  d e v e l o p i n g  t h r o u g h o u t  the w o r l d  at loca l ,  
r e g i o n a l ,  an d  g loba l  sc a le s .  T h e y  a re  p o l y g o n - b a s e d  spa t i a l
d a t a b a s e s  w h i c h ,  t h e o r e t i c a l l y ,  c o u l d  be  d i r e c t l y  a c c e s s e d  by  a 
d y n a m i c  s i m u l a t i o n  m o d e l  to p r e d i c t  spa t i a l  c h a n g e s .  W e  b e l i e v e  
th a t  the  t rue  p o t e n t i a l  o f  a  G I S  wil l  be  f u l ly  r e a l i z e d  w h e n  it is 
s o m e h o w  l in k e d  to  a s i m u l a t i o n  s y s t e m .  T h e  P B S  m o d e l  is on ly  a 
f i r s t  s t e p  in th is  n e w  d i r e c t i o n .
C H A P T E R  3
E F F E C T S  O F  T W O  L O U I S I A N A  M A R S H  M A N A G E M E N T  P L A N S  O N  
W A T E R  A N D  M A T E R I A L S  F L U X  A N D  S H O R T  T E R M  S E D I M E N T A T I O N
B o u m a n s  R .M .J .  a nd  J .W .  D a y .  E f f e c t s  o f  T w o  L o u i s i a n a  M a r s h  
M a n a g e m e n t  P l a n s  on  W a t e r  a n d  M a t e r i a l s  F l u x  a n d  S h o r t  T e r m  
S e d i m e n t a t i o n .
In p r e s s  in " W e t l a n d s "
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IN TR ODU CTIO N
F o r  o v e r  t h r e e  d e c a d e s ,  o n e  o f  the  m o s t  i n t e n s i v e l y  s t u d i e d  to p i c s  
in  c o a s t a l  e c o l o g y  ha s  b e e n  th e  i n t e r a c t i o n  b e t w e e n  t id a l  w e t l a n d s  
a n d  a d j a c e n t  e s t u a r i n e  w a t e r s  ( O d u m  a n d  C r u z  1967 ;  G a r d n e r  a n d  
K i t c h e n s  1977;  O d u m  et  al .  1979;  K j e r f v e  a n d  M c K e l l a r  1980;  N i x o n  
1980;  D a m e  et al. 1986;  S t e v e n s o n  et al. 1988 ;  D a y  et al.  1989) .  
T h e r e  ha s  b e e n  c o n s i d e r a b l e  c o n t r o v e r s y  a n d  d i s c u s s i o n  o v e r  the  
e x a c t  r o l e  o f  c o a s t a l  w e t l a n d s ,  but  u n d o u b t e d l y  th e re  a re  l a rge  an d  
i m p o r t a n t  e x c h a n g e s  o f  w a t e r ,  s u s p e n d e d  s e d i m e n t s ,  i n o r g a n i c  
n u t r i e n t s ,  o r g a n i c  m a t t e r  a n d  l i v i n g  o r g a n i s m s  b e t w e e n  w e t l a n d s  
a n d  e s t u a r i n e  w a t e r s .  It h a s  b e e n  s h o w n ,  fo r  e x a m p l e ,  tha t  s o m e  
c o a s t a l  m a r s h e s  e x p o r t  o r g a n i c  m a t t e r  a n d  p r o v i d e  h a b i t a t  f o r  
e s t u a r i n e  n e k t o n  ( N i x o n  1980 ;  D a y  et al. 1989) .  In c o a s t a l  
L o u i s i a n a ,  i n p u t  o f  s u s p e n d e d  s e d i m e n t  to  w e t l a n d s  is i m p o r t a n t  to 
o f f s e t t i n g  the h ig h  l eve l s  o f  r e l a t i v e  sea  leve l  r is e  ( B a u m a n n  et al. 
1 9 8 4 ) .  A n  i m p o r t a n t  q u e s t i o n  fo r  c o a s t a l  m a n a g e r s ,  t h e r e f o r e ,  is 
t h e  i m p a c t  o f  m a n a g e m e n t  p r a c t i c e s  on s u c h  i n t e r a c t i o n s  b e t w e e n  
c o a s t a l  w e t l a n d s  a n d  w a t e r s .
A  p r a c t i c e  w h i c h  is w i d e l y  u s e d  in the  L o u i s i a n a  c o a s t a l  z o n e  is 
m a r s h  m a n a g e m e n t .  A s  u s e d  in L o u i s i a n a ,  the  t e r m  m a r s h  
m a n a g e m e n t  r e f e r s  to  the  use o f  l o w  d i k e s  a n d  w a t e r  c o n t r o l  
s t r u c t u r e s  to c r e a t e  i m p o u n d m e n t s  in o r d e r  to m a n i p u l a t e  i n s id e  
h y d r o l o g y .  S u c h  m a r s h  m a n a g e m e n t  has  b e e n  p r a c t i c e d  for  
d e c a d e s  in L o u i s i a n a  to  i m p r o v e  m a r s h e s  f o r  w a t e r f o w l  and  fu r  
b e a r e r s .  M o r e  r e c e n t l y ,  m a r s h  m a n a g e m e n t  h a s  b e e n  p r o m o t e d  as  
a w a y  o f  c o m b a t i n g  the  h ig h  r a t e s  o f  c o a s t a l  w e t l a n d  lo ss  ( C a h o o n  
a n d  G r o a t  1 9 9 0 )  b a s e d  on  the  b e l i e f  tha t  s a l i n i t y  i n t r u s i o n  and  
t id a l  s c o u r  w e r e  the  m o s t  i m p o r t a n t  a g e n t  l e a d i n g  to  l a n d  loss  
( G a g l i a n o  a n d  W i c k e r  1989) .  At  p r e s e n t  m a n a g e m e n t  
i m p o u n d m e n t s  a c c o u n t  fo r  17% o f  the  L o u i s i a n a  c o a s t a l  z o n e  ( D a y  
et  al. 1990) .
C o n t r o l  s t r u c t u r e s  i n c l u d e  f i x e d  c r e s t  w e i r s ,  v a r i a b l e - c r e s t  w e i r s  
a n d  g a t e d  w e i r s  and  c u lv e r t s .  F i x e d  c r e s t  w e i r s  p r o v i d e  p a s s i v e  
c o n t r o l  on  w a t e r  l e v e l s  d i s a l l o w i n g  the  w a t e r  l eve l  to d r o p  u n d e r  
c r e s t  e l e v a t i o n .  T h e  a n t i c i p a t e d  b e n e f i t s  i n c l u d e  b o a t  a c c e s s  
d u r i n g  l o w  t i d e  a n d  p r e v e n t i o n  o f  s a l t w a t e r  in f lu x .  T h e  a d j u s t a b l e  
w e i r s ,  f l a p  g a t e d  w e i r s  a n d  c u l v e r t s  u s e d  a r e  m o r e  a c t ive .  
A d j u s t a b l e  w e i r s  a l l o w s  m a n i p u l a t i o n  o f  the  i n s i d e  w a t e r  l e v e l s  
b e c a u s e  c r e s t  e l e v a t i o n  c a n  be  a d ju s t e d .  F l a p  g a t e d  w e i r s  an d  
c u l v e r t s  p r o v i d e  m e a n s  to  d ra in  an  a r e a  at  l o w  t ide  an d  p r e v e n t
w a t e r  i n f l o w  at  h igh  t ide.  H y d r o s t a t i c  p r e s s u r e  o p e n s  the g a t e s  at
h i g h e r  w a t e r  l e v e l s  i n s i d e  t h a n  o u t s i d e ,  an d  c l o s e s  t h e m  w h e n  
w a t e r  l e v e l s  a re  r e v e r s e d  ( C l a r k  a n d  H a r t m a n  19 9 0 ) ,
R e c e n t l y  q u e s t i o n s  h a v e  b e e n  r a i s e d  a b o u t  m a r s h  m a n a g e m e n t  
c o n c e r n i n g  b o th  t h e  a s s u m p t i o n s  u n d e r l y i n g  j u s t i f i c a t i o n  o f  u se  
( i .e .  the  r o le  o f  s a l t w a t e r  i n t r u s io n  an d  t idal  s c o u r  in w e t l a n d  loss )
a n d  the  i m p a c t  o f  m a r s h  m a n a g e m e n t  on e s t u a r i n e  p r o c e s s e s  such
as f lu x  o f  m a t e r i a l s  an d  s e d i m e n t ,  and  a c c e s s  by e s t u a r i n e  
d e p e n d e n t  s p e c i e s  ( C o w a n  et al. 1988;  D a y  an d  T e m p l e t  1989;  
C a h o o n  an d  G r o a t  1990;  H e r k e  et  al. 1992) .  O u r  o b j e c t iv e s  in this  
s t u d y  w e r e  to  m e a s u r e  t h e  e f f e c t s  o f  t w o  m a r s h  m a n a g e m e n t  
p l a n s  on  w a t e r  a nd  m a t e r i a l s  f l u x e s ,  s h o r t  t e r m  s e d i m e n t a t i o n ,  a nd  
so i l  p a r a m e t e r s  u n d e r  d i f f e r e n t  w e a t h e r ,  t id a l  a n d  m a n a g e m e n t  
c o n d i t i o n s .
S T U D Y  SITE
T h i s  s tu d y  w a s  p a r t  o f  a l a rg e r ,  c o m p r e h e n s i v e  e v a l u a t i o n  o f  
m a r s h  m a n a g e m e n t  p r a c t i c e s  in the  L o u i s i a n a  c o a s t a l  z o n e  ( C a h o o n  
a n d  G r o a t  1990) .  As  pa r t  o f  the  l a r g e r  s tudy ,  16 a r e a s  w e r e  
s e l e c t e d  fo r  the  a n a ly s i s  o f  h a b i t a t  c h a n g e  f r o m  the  m id  1 9 50 ' s  to 
the  m id  1980 ' s  u s in g  aer i a l  im a g e r y .  T h e  a r e a s  w e r e  s e l e c t e d  by a 
s t e e r i n g  c o m m i t t e e  c o m p o s e d  o f  l a n d o w n e r s ,  s ta t e  an d  f e d e r a l  
a g e n c y  r e p r e s e n t a t i v e s ,  m a r s h  m a n a g e r s  an d  s c i e n t i s t s .  E a c h  a r e a  
i n c l u d e d  an o p e r a t i o n a l  m a r s h  m a n a g e m e n t  p l a n  t y p i c a l  o f  c o a s t a l
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L o u i s i a n a  a n d  a n e a r b y  n o n - m a n a g e d  a r e a  o f  s i m i l a r  s ize ,  m a r s h  
ty p e ,  d e g r e e  o f  h y d r o l o g i c  a l t e r a t i o n  a nd  d e g r e e  o f  w e t l a n d  
d e t e r i o r a t i o n .  T h e  16 m a n a g e m e n t  p l a n s  i n c l u d e d  b o t h  a c t i v e l y  
a n d  p a s s i v e l y  m a n a g e d  m a r s h e s .  W e  r e p o r t  o n l y  on  t w o  o f  the  16 
a r e a s ,  R o c k e f e l l e r  S t a t e  W i l d l i f e  R e f u g e  ( R o c k e f e l l e r )  a n d  the  F i n a -  
L a t e r r e  M a r s h  M a n a g e m e n t  A r e a  ( F in a ) ,  as  they  w e r e  c h o s e n  fo r  
m o r e  i n t e n s i v e  s tu d y  o f  the  e f f e c t s  o f  m a n a g e m e n t  on  h y d r o l o g y ,  
m a t e r i a l s  f lu x ,  v e g e t a t i o n  e c o l o g y ,  soi l  p a r a m e t e r s ,  w a t e r  
c h e m i s t r y ,  a c c r e t i o n ,  an d  n e k t o n  ( C a h o o n  a n d  G r o a t  1990 ,
( B o u m a n s  a n d  D a y  1990) ) .
F i n a  a n d  R o c k e f e l l e r  a re  in t w o  g e o m o r p h o l o g i c a l l y  d i f f e r e n t  a r e a s  
o f  t h e  L o u i s i a n a  c o a s t a l  z o n e ;  the  d e l t a i c  p la in  an d  the  c h e n i e r  
p l a in  ( F i g u r e  3.1 ,  f o r  a m o r e  c o m p l e t e  d e s c r i p t i o n  o f  the a r e a  see  
C a h o o n  an d  G r o a t  ( 1 9 9 0 ) ) .  T h e  d e l t a i c  p la in  w a s  f o r m e d  in an a r e a  
o f  P l e i s t o c e n e  e r o s i o n  f o l l o w e d  by  d i r e c t  d e p o s i t i o n  o f  M i s s i s s i p p i  
R i v e r  s e d i m e n t s .  In  c o n t r a s t ,  the  c h e n i e r  p la in  w a s  f o r m e d  by 
r e w o r k i n g  o f  s e d i m e n t s  c a r r i e d  to  the  a r e a  by w e s t w a r d  l i t to ra l  
d r i f t  an d  d e p o s i t e d  in the  n e a r  s ho re  z one .  In e a c h  p la in ,  
m e a s u r e m e n t s  w e r e  c a r r i e d  ou t  in a m a n a g e d  a r e a  an d  a n e a r b y  
u n m a n a g e d  a r e a .
T h e  d e l t a i c  p l a in  m a n a g e d  a re a  is the  F i n a  ( 2 7 6 8  ha )  w h i c h  is
l o c a t e d  a b o u t  4 0  k m  f r o m  the  c o a s t  ( F ig u r e  3.1) .  T h e  g o a l s  o f  the
m a n a g e m e n t  p l a n ,  w h i c h  w a s  b e g u n  in 1985 ,  a re  to r e v e r s e
w e t l a n d  lo s s ,  i n c r e a s e  f r e s h w a t e r  an d  s e d i m e n t  i n p u t ,  an d
d e c r e a s e  s a l i n i t y ,  s t a b i l i z e  w a t e r  l e v e l s ,  i n c r e a s e  m a r s h  p r o d u c t i o n
a n d  a l l o w  for  i m m i g r a t i o n  o f  m a r i n e  f i s h e r y  sp e c i e s .  T h e  a r e a  is
s u r r o u n d e d  by n a tu r a l  r i d g e s  or  low  d ik e s .  F o u r  f i x e d - c r e s t  w e i r s
on  the  n o r t h e r n  b o u n d a r y  an d  o n e  a c t i v e  s t r u c t u r e  on  the
s o u t h e r n  a re  u s e d  to  c o n t r o l  w a t e r  l eve ls .  T h e  s o u t h e r n  s t r u c t u r e  
c o n s i s t s  o f  t w o  a d j a c e n t  b a y s  e a c h  2 . 8  m  w i d e  w i th  i n d iv i d u a l  f l ap-  
g a t e s  l o c a t e d  so u th  o f  v a r i a b l e - c r e s t  w e i r s .  T h e  v e g e t a t i o n  r a n g e s  
f r o m  f re s h  w a t e r  m a r s h  in the  no r th  to a b r a c k i s h  S p a r t i n a
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F i g u r e  3.1.  M a p  s h o w i n g  l o c a t io n s  o f  the  s tu d y  s i te s .  T h e  m a n a g e d  
a n d  u n m a n a g e d  a r e a s  at R o c k e f e l l e r  are  l o c a t e d  15 k m  a p a r t  in the  
c h e n i e r  p la in .  T h e  m a n a g e d  a n d  u n m a n a g e d  a r e a s  at F i n a  a re  
a d j a c e n t  in the  d e l t a i c  p la in .  N o t e  that  R o c k e f e l l e r  is l o c a t e d  c l o s e r  
to the  c o a s t  t h a n  F ina .
p a t e n s  d o m i n a t e d  w e t l a n d  in the  s o u th .  T h e  u n m a n a g e d  s i t e  ( 6 9 2  
h a )  is l o c a t e d  so u th  o f  t h e  m a n a g e d  s i te  a c r o s s  F a l g o u t  c a n a l .
W a t e r  f l o w  is r e s t r i c t e d  by  spo i l  b a n k s  bu t  f o u r  o p e n i n g s  a lo n g  
F a l g o u t  C a n a l  a l l o w  w a t e r  e x c h a n g e .  T h e  d o m i n a n t  v e g e t a t i o n  is 
S p a r t i n a  p a t e n s .
T h e  c h e n i e r  p l a in  m a n a g e d  s i te  ( 2 0 8 4  ha)  is R o c k e f e l l e r  ( F i g u r e  
3 .1 )  w h i c h  is l o c a t e d  a b o u t  5 k m  f r o m  the  c o a s t .  S in c e  the  s ta te  
a c q u i r e d  the  r e f u g e  in 1 9 2 0 ,  a p r o g r a m  ha s  b e e n  u n d e r t a k e n  to 
c o u n t e r a c t  t h e  e f f e c t s  o f  s a l t w a t e r  i n t r u s i o n  a n d  a l t e r e d  
h y d r o l o g i c a l  r e g i m e s .  I m p r o v i n g  w a t e r f o w l  h a b i t a t  a n d  e n h a n c i n g  
e s t u a r i n e  f i s h e r i e s  a re  t h e  p r i m a r y  m a n a g e m e n t  o b j e c t i v e s .  L i k e  
F i n a ,  th is  m a n a g e d  a re a  is b o r d e r e d  on all s ides  by low  d ik e s .  T h e  
m a i n  w a t e r  c o n t r o l  s t r u c t u r e  in the  s o u t h w e s t  c o r n e r  has  s e v e n  
b a y s  w i th  f l a p - g a t e d ,  v a r i a b l e - c r e s t  w e i r s .  T h e r e  is a s e c o n d  
s t r u c t u r e  in the  e a s t e r n  p a r t  o f  the  a r e a  w i th  f ive  d o u b l e  f la p  
g a te s .  T h e  u n m a n a g e d  m a r s h  ( 1 6 0 4  ha )  is 15 k m  e a s t  o f  the  
m a n a g e d  a rea ,  an d  b o r d e r s  E a s t  L i t t l e  C o n s t a n c e  B a y o u .  T h i s  
b a y o u  has  d i r e c t  h y d r o l o g i c a l  e x c h a n g e  w i th  the  G u l f  o f  M e x ic o .
T h e  n o r t h e r n  b o r d e r  is f o r m e d  by  a c a n a l  spo i l  b a n k  wi th  a 
v a r i a b l e - c r e s t  f l a p - g a t e d  c u l v e r t  w h i c h  d r a i n s  the  w e t l a n d s  n o r th  
o f  the  s tu d y  s ite.
T h e  m a r s h  v e g e t a t i o n  in the  m a n a g e d  as  w e l l  as  in the u n m a n a g e d  
s t a t i o n s  is d o m i n a t e d  by S p a r t i n a  p a t e n s , an i n d i c a t o r  s p e c i e s  fo r  
b r a c k i s h  m a r s h .  T h e  m a n a g e d  a r e a  is m o r e  t o w a r d s  a f r e s h  m a r s h  
b e c a u s e  o f  the  p r e s e n c e  o f  s p e c i e s  l ike  T v p h a  l a t i f o l i a  and B a c o p a  
m o n n i e r i . S o i l s  in bo th  the  m a n a g e d  an d  u n m a n a g e d  a r e a s  are  
c l a s s i f i e d  as  H a p l a q u o l l s - H y d r a q u e n t s  a s s o c i a t i o n .
METHODS
F L U X  S T U D I E S :  M e a s u r e m e n t s  o f  m a t e r i a l  f lux  w e r e  c a r r i e d  o u t  a t
t h e  t w o  s tu d y  a reas .  F i e ld  t r ip s  w e r e  c a r r i e d  o u t  on  th e  f o l l o w i n g  
d a t e s  in  1 9 8 9  to  a c c o u n t  fo r  s e a s o n a l  v a r i a t i o n s  in c l i m a t e ,  m e a n  
s e a  l eve l  a n d  o p e r a t i o n  o f  the  f l a p  g a t e d  s t r u c tu r e s :  R o c k e f e l l e r  - 
M a y  3 1 - J u n e  2,  S e p t e m b e r  2 1 - 2 3 ,  an d  N o v e m b e r  2 -4 ;  F i n a  - M a y  
2 2 - 2 4 ,  S e p t e m b e r  2 8 - 3 0 ,  a n d  O c t o b e r  2 6 - 2 8 .  A t  R o c k e f e l l e r ,  
m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  a t  the  m a i n  c o n t r o l  s t r u c t u r e  i n  
t h e  s o u t h w e s t  c o r n e r  o f  t h e  m a n a g e d  s ite,  an d  in E a s t  L i t t l e  
C o n s t a n c e  B a y o u  j u s t  a b o v e  L i t t l e  C o n s t a n c e  L a k e  in the  
u n m a n a g e d  s i te  ( F i g u r e  3 .1 ) .  A t  F in a ,  m e a s u r e m e n t s  w e r e  m a d e  at 
the  m a i n  c o n t r o l  s t r u c tu r e  j u s t  no r th  o f  F a l g o u t  C a n a l  a nd  at 
s e v e r a l  i n le t s  to  the  u n m a n a g e d  a re a  to the s o u th  o f  the  F a l g o u t  
C a n a l  ( F i g u r e  3 .1 ) .  M e a s u r e m e n t s  o f  w a t e r  a n d  m a t e r i a l s  f lux  
w e r e  m a d e  e a c h  t w o  h o u r s  f o r  the  d u r a t i o n  o f  e a c h  f ie ld  t r ip  a t  the 
c o n t r o l  s t r u c t u r e s ,  E a s t  L i t t l e  C o n s t a n c e  B a y o u ,  a n d  at the  l a r g e s t  
c h a n n e l  i n t o  t h e  F i n a  u n m a n a g e d  a rea .  A t  the  f o u r  s m a l l e r  
c h a n n e l s  a t  F i n a  u n m a n a g e d ,  w a t e r  f lux  w a s  m e a s u r e d  
a p p r o x i m a t e l y  e a c h  t w o  h o u r s  d u r i n g  d a y l i g h t  to  e s t i m a t e  to ta l  
w a t e r  e x c h a n g e  b e t w e e n  the  u n m a n a g e d  a r e a  a n d  F a l g o u t  C a n a l .  
T h e  c r o s s  s e c t i o n a l  a re a s  o f  the  c h a n n e l s  an d  c o n t r o l  s t r u c t u r e s  
w e r e  m e a s u r e d .  D u r i n g  e a c h  t r ip ,  f ie ld  n o t e s  w e r e  m a d e  o f  
w e a t h e r  c o n d i t i o n s ,  s t r u c t u r e  o p e r a t i o n ,  a n d  o t h e r  f a c t o r s  w h i c h  
m i g h t  p r o v e  u s e fu l  in a n a ly s i s  a n d  i n t e r p r e t a t i o n  o f  the  d a ta .
D u r i n g  e a c h  t r ip  w a t e r  l ev e l ,  a n d  c u r r e n t  v e l o c i t y  an d  d i r e c t i o n  
w e r e  m e a s u r e d  w h e n  s a m p l e s  w e r e  t a k e n  fo r  the  d e t e r m i n a t i o n  o f  
m a t e r i a l  c o n c e n t r a t i o n s  at t w o  h i n t e r v a l s  fo r  4 8 - 5 0  h o u r s  (2  t idal  
c y c l e s ) .  At  the  u n m a n a g e d  a r e a s  s a m p l e s  w e r e  c o l l e c t e d  in the 
c e n t e r  o f  the  c h a n n e l s  at  3 0 - 4 0  c m  d e p th .  F iv e  c h a n n e l s  ( 2 . 4 0 - 1 3  
m  w i d e ,  0 . 1 8 -  1 .2 2 m  d e e p )  c o n n e c t  the  u n m a n a g e d  a r e a  at F i n a  to 
the  e s t u a r y  O n l y  o n e  c h a n n e l  ( 2 5 . 2 m  w i d e )  c o n n e c t s  the 
u n m a n a g e d  a r e a  in R o c k e f e l l e r  to  the  e s t u a r y .  A n  e a r l i e r  s tudy  o f
f l u x  in  a  s i m i l a r  c h a n n e l  in c o a s t a l  L o u i s i a n a  s h o w e d  tha t  a s in g l e  
s a m p l e  w a s  s u f f i c i e n t  to  c h a r a c t e r i z e  f lux  in s u c h  a c h a n n e l  ( S t e r n  
e t  al. 1986;  S t e rn  et  al.  1991) .  A t  F i n a  u n m a n a g e d ,  2  h w a t e r  
s a m p l e s  w e r e  t a k e n  at  t h e  l a r g e s t  an d  m o s t  d o m i n a n t  c h a n n e l .  In 
a d d i t i o n ,  w a t e r  s a m p l e s  w e r e  c o l l e c t e d  w i th  an  a u t o  s a m p l e r  at  
o n e  a d d i t i o n a l  c h a n n e l  f o r  the  a n a l y s i s  o f  to tal  s u s p e n d e d  s o l i d s  
( T S S )  o n ly .  F o r  the  m a n a g e d  a r e a s ,  c u r r e n t  m e a s u r e m e n t s  w e r e  
m a d e  a n d  w a t e r  s a m p l e s  c o l l e c t e d  f r o m  the  w a t e r  f l o w i n g  t h r o u g h  
t h e  s t r u c t u r e s .  R o u t i n e  m e a s u r e m e n t s  w e r e  m a d e  b e t w e e n  the  
g a t e s  a n d  t h e  w e i r s .  A t  s e v e r a l  t im e s  d u r i n g  e a c h  t r ip ,  a n u m b e r  
o f  a d d i t i o n a l  c u r r e n t  m e a s u r e m e n t s  w e r e  m a d e  n o r t h  o f  the  w e i r  
a s  w e l l  as  so u th  o f  the  g a t e s  to  e n s u r e  t h a t  m e a s u r e m e n t s  in the  
s o u th  ba y  w e r e  s u f f i c i e n t  to c h a r a c t e r i z e  w a t e r  f lux .  A t  
R o c k e f e l l e r  r o u t i n e  m e a s u r e m e n t s  w e r e  m a d e  at  the  m a i n  w a t e r  
c o n t r o l  s t r u c tu r e  in the  s o u t h w e s t  in the  c e n t e r  o f  b a y s  2, 4 , and  6 . 
S e v e r a l  t i m e s  d u r i n g  e a c h  t r ip  t h r e e  c u r r e n t  m e a s u r e m e n t s  w e r e  
m a d e  in e a c h  o f  the  s e v e n  b a y s  so  tha t  total  w a t e r  f lux  c o u l d  be 
c a l c u l a t e d .
W a t e r  s a m p l e s  w e r e  c o l l e c t e d  fo r  a n a l y s i s  o f  n i t r a t e  p l u s  n i t r i t e  
( N O 3 ), a m m o n i u m  ( N H 4 ), s o lu b l e  r e a c t i v e  p h o s p h a t e  ( S R P ) ,  total  
s u s p e n d e d  so l id s  ( T S S ) ,  and  sa l in i ty .  S a m p l e s  fo r  N O 3 , S R P  and  N H 4 
w e r e  f i l t e r e d  t h r o u g h  1.2 p m  G F / C  f i l te r s  and  f ro z e n  on  d ry  ice  in 
p l a s t i c  a u t o  a n a l y z e r  v i a l s .  All  n u t r i e n t  c o n c e n t r a t i o n s  w e r e  
d e t e r m i n e d  a c c o r d i n g  to  ( E n v i r o n m e n t a l  1979 )  w i th  a T e c h n i o n  
A u t o  a n a l y z e r  II.  T S S  w e r e  d e t e r m i n e d  g r a v i m e t r i c a l l y  ( B a n s e  et 
a l .  1 9 6 3 )  an d  s a l i n i t y  w a s  m e a s u r e d  w i th  a c h l o r i d i t y  m e te r .
C u r r e n t  v e l o c i t y  w a s  m e a s u r e d  u s in g  a M o n t e d o r o  W h i t n e y ,  Inc.  
m o d e l  P V M - 2 A  c u r r e n t  m e t e r .  W a t e r  l ev e l s  w e r e  r ea d  f r o m  s ta f f  
g a u g e s .  T h e  s ta f f s  w e r e  p l a c e d  in the  c h a n n e l s  a t  the u n m a n a g e d  
a r e a s ,  a n d  i n s i d e  an d  o u t s i d e  o f  the  s t r u c t u r e s  a t  the  m a n a g e d  
a r e a s .  I n s t a n t a n e o u s  f l u x e s  w e r e  c a l c u l a t e d  f r o m  e a c h  v e l o c i t y ,  
c r o s s  s e c t i o n a l  a r e a  a n d  c o n c e n t r a t i o n  v a lu e .  C h a n g i n g  c ro s s  
s e c t i o n a l  a r e a  d u e  to  c h a n g i n g  w a t e r  l eve l  w a s  a c c o u n t e d  fo r
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( S t e r n  e t  a l.  1986) .  T h e  ne t  f l u x e s  r e p o r t e d  a re  the  a v e r a g e  o f  
a l g e b r a i c  s u m s  o f  i n s t a n t a n e o u s  f l u x e s  f o r  e a c h  s a m p l i n g  p e r i o d  at 
e a c h  p a r t i c u l a r  e x p e r i m e n t a l  a r e a  ( S p u r r i e r  a n d  K j e r f v e  1988 ) .
F o r  b o t h  i n s t a n t a n e o u s  a n d  n e t  f l u x e s ,  n e g a t i v e  v a l u e s  r e f e r  to 
t r a n s p o r t  o u t  o f  the  s t u d y  a r e a ,  w h i l e  p o s i t i v e  v a l u e s  r e f e r  to 
t r a n s p o r t  i n t o  t h e  s tu d y .  M a t e r i a l  c o n c e n t r a t i o n s  an d  f l u x e s  f r o m  
u n m a n a g e d  a n d  m a n a g e d  a r e a s  w e r e  c o m p a r e d  to  d e t e r m i n e  
p o s s i b l e  e f f e c t s  o f  m a n a g e m e n t .
S H O R T - T E R M  S E D I M E N T A T I O N :  S ho r t  t e r m  s e d i m e n t a t i o n  w as
m e a s u r e d  at  t w o  to  f o u r  w e e k  i n t e r v a l s  b e t w e e n  A u g u s t  1989  an d  
J a n u a r y  1 9 9 0  as  d e p o s i t i o n  on pe tr i  d i s h e s  p l a c e d  in the  m a r s h  at 
th e  m a n a g e d  a n d  u n m a n a g e d  s i t es .  Pe t r i  d i s h  c o l l e c t o r s  w e r e  
c o n s t r u c t e d  by  d r i l l i n g  a ho le  in a 25*25 c m  c e d a r  b o a r d  s l i g h t ly
l a r g e r  than  a 98  m m  d i a m e t e r  g las s  pe tr i  d i sh .  T h e  s u r f a c e  o f  the
b o a r d  w a s  p l a c e d  leve l  to  the  m a r s h  s u r f a c e .  F o u r  g a l v a n i z e d
w i r e s  a b o u t  35  c m  lo n g  w e r e  then  p u s h e d  t h r o u g h  sm a l l  ho l e s
d r i l l e d  in e a c h  c o r n e r  o f  the  bo a rd  an d  in to  the  m a r s h  soi l  to 
a n c h o r  the  b o a r d  in p l a c e .  T h e  petr i  d i sh  w a s  then  p l a c e d  b o t t o m  
u p  in the  h o l e  in  t h e  c e n t e r  o f  the  b o a r d  o v e r  an a l u m i n u m  w i r e  
b e n t  to  ho ld  the  d i sh  in p l a c e  as  we l l  as  to  h e lp  r e m o v e  the  d i sh  
w h e n  s a m p l i n g .  A t  e a c h  s a m p l i n g  s i te  10 pe tr i  d i s h e s  w e r e  set  ou t  
in t w o  t r a n s e c t s  o f  5 d i s h e s  ea ch  fo r  a total  o f  4 0  d i s h e s  (at  the  see 
l o c a t io n s .  F i g u r e  3.1) .  E a c h  t r a n se c t  c o n s i s t e d  o f  d i s h e s  set  ou t  in 
the  m a r s h  at 5, 10, 15, 20  and  25 m f rom  the  w a te r ' s  e d g e .  T h e  
pe t r i  d i sh  t e c h n i q u e  is a m o d i f i c a t i o n  o f  a t e c h n i q u e  used  by ( R e e d  
1 9 8 9 ;  R e e d  1 9 9 2 )  w h o  m e a s u r e d  s h o r t  t e r m  s e d i m e n t a t i o n  on
p a p e r  f i l t e r s  w i r e d  to  the  top  o f  p l a s t i c  pe tr i  d i s h e s .
A l l  m a t e r i a l  w h i c h  had  c o l l e c t e d  on the  s u r f a c e  o f  a d i sh  c o l l e c t o r  
w a s  p l a c e d  in a p la s t ic  bag .  G r a s s  s t e m s  and  o t h e r  l a rg e r  m a te r i a l  
w a s  p i c k e d  ou t  by h a n d ,  an d  a r a z o r  kn i fe  w a s  used  to c u t  g r a s s  
p i e c e s  so  tha t  on ly  m a t e r i a l  w h i c h  w as  o v e r  the a r e a  o f  the petr i
d i s h  w a s  s a m p l e d .  T h e  pe tr i  d i sh  w a s  then  c a r e f u l l y  r e m o v e d  and
p l a c e d  o v e r  a f u n n e l .  F in e  m a t e r i a l  a c c u m u l a t e d  on the d i sh  w a s
s c r a p e d  o f f  w i th  the  r a z o r  k n i f e  a n d  w a s h e d  in to  the  p l a s t i c  ba g  
w h i c h  w a s  then  p l a c e d  on  i ce  an d  r e t u r n e d  to  the  lab.  In the  
l a b o r a t o r y ,  w a t e r  a n d  c o l l e c t e d  m a t e r i a l s  in e a c h  b a g  w a s  p l a c e d  in 
a c r u c i b l e  a nd  the  w a t e r  w a s  e v a p o r a t e d  a t  60  ° C .  T h e  c r u c i b l e  
w a s  then  w e i g h e d ,  h e a t e d  at 4 0 0  ° C  fo r  16 h, a n d  th e n  r e  w e i g h e d .  
T h e  m a s s  o f  m a t e r i a l  a f t e r  c o m b u s t i o n  w a s  c o n s i d e r e d  m i n e r a l  
m a t t e r  a n d  the  loss  on  i g n i t i o n  w a s  o r g a n i c  m a t t e r .  T h e  d a ta  w e r e  
c a l c u l a t e d  on a g n r 2 d " 1 bas is .
S O I L  A N A L Y S E S :  S e d i m e n t  s a m p l e s  w e r e  t a k e n  w i th  a 2 .5  c m
s t a i n l e s s  s tee l  c o r e r  a t  16 r a n d o m l y  c h o s e n  s t a t i o n s  in the  
s o u t h e r n  pa r t  o f  the  F i n a  m a n a g e d  a re a ,  an d  in the  F in a  
u n m a n a g e d  a rea ;  a n d  at 2 0  r a n d o m l y  c h o s e n  s t a t i o n s  in e a c h  o f  
the  R o c k e f e l l e r  s i t es .  T h e  u p p e r  15 c m  o f  e a c h  s a m p l e  w a s  
h o m o g e n i z e d  f o r  a n a ly s i s  o f  total  p h o s p h o r u s ,  N a + -  a n d  % o r g a n i c  
m a t t e r .  E l e m e n t a l  a n a l y s e s  w e r e  d o n e  u s i n g  an A p p l i e d  R e s e a r c h  
L a b o r a t o r y  i n d u c t i v e l y  c o u p l e d  A r g o n  p l a s m a  q u a n t o m e t e r  ( I C P ) .  
R e s u l t s  a re  r e p o r t e d  as  t h e  a v e r a g e  o f  d u p l i c a t e  a n a l y s e s  tha t  a re  
w i t h in  a 10%  c o n f i d e n c e  i n te rv a l .  T h e  r e s u l t s  a re  b a s e d  on o v e n  
d r y  m a s s  (So i l  S u r v e y  S t a f f  1972) .
S T A T I S T I C A L  A N A L Y S I S :  D a ta  fo r  sh o r t  t e r m  s e d i m e n t a t i o n ,  soil
p a r a m e t e r s  a n d  w a t e r  p a r a m e t e r s  d u r i n g  t h e  f l u x  s t u d y  w e r e  
s t a t i s t i c a l l y  a n a l y z e d  as a r a n d o m  b l o c k  d e s i g n  w i th  a 2  by  2  
f a c t o r s  t r e a t m e n t s  a r r a n g e m e n t  ( A p p e n d i x  A) .  W e  t e s t e d  fo r  
d i f f e r e n c e s  b e t w e e n  m a n a g e m e n t  ( m a n a g e d  vs .  u n m a n a g e d ) ,  
l o c a t io n  w i th in  the  c o a s t a l  p la in  ( R o c k e f e l l e r  vs.  F in a ) ,  an d  a l s o  
a m o n g  all i n d iv i d u a l  c e l l s .  W h e r e  w e  d e t e r m i n e d  a s ta t i s t i c a l  
d i f f e r e n c e  a m o n g  i n d i v i d u a l  s i t es  w e  u s e d  T u k e y ' s  as  m u l t i p l e
c o m p a r i s o n  tes t.  F o r  t h e s e  tes ts ,  w e  o n l y  u se d  the w a t e r
p a r a m e t e r s  w h e n  the  w a t e r  w a s  f l o w i n g  ou t  to e n s u r e  tha t  w e
w e r e  c o m p a r i n g  w a t e r  m a s s e s  s p e c i f i c  the  s t u d i e d  m a r s h  a r e a s .
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R E S U L T S  A N D  D IS C U S S IO N
W A T E R  L E V E L  V A R I A T I O N S  D U R I N G  F L U X  S T U D I E S :  T h e  wa te r  
l eve l  v a r i a t i o n s  s h o w  a n u m b e r  o f  i n t e r e s t i n g  r e s u l t s .  O u t s i d e  o f  
the  m a n a g e d  a re a s ,  w e  r e c o r d e d  a c l e a r  t idal  s ig n a l  f o r  bo th  the  
R o c k e f e l l e r  a n d  F i n a  s i t e s ,  w h e r e a s  i n s i d e  t h e  u n m a n a g e d  a r e a s  
the  w a t e r  l eve l  c h a n g e  w a s  s u p p r e s s e d  o v e r  t h e  4 8 - h  d u r a t i o n  o f  
the  f l u x  s tu d i e s ,  e s p e c i a l l y  at R o c k e f e l l e r  ( T a b l e  3 .1 ,  F i g u r e  3 .2 ) .
Table 3.1. Tidal range during the three flux studies for each of the 
s tudy sites._________________ ______________________________________
Study Site M easurem ent*
Tidal Range (cm)
Spring Fall Late Fall
Fina LaTerre Managed a 5 8 1 3
Managed b 1 7
Unmanaged 1 2 1 2 1 4
R ockefe ller Managed a 5 5 3
Managed b 7 6 79 7 4
Unmanaged 3 8 1 6 2 7
"Managed a" refers to measurements taken within the water control structure; 
"Managed b" levels were measured outside the water control structure; 
"Unmanaged" refers to water levels in the main channel linking the unmanaged 
marsh to the estuary.
4 8
A  Rockefeller B Fina Laterre



















November 2, 3 aM 4
Tune (n)
May 16, 17 md 18
-  10 ) i t " i - i i i i i i i 
12 2 A
i-> i ■ i ti
36
■i i i i
480













| 0  Canal  □  M a r s h  -  m a n a g e d  ■  M a r s h  -  U n m a n a g e d
F i g u r e  3 .2 .  W a t e r  l e v e l s  m e a s u r e d  at the  u n m a n a g e d  an d  m a n a g e d
s i t e s  d u r i n g  the  th re e  t idal  e x c h a n g e  s tu d i e s .  A R o c k e f e l l e r  
M a n a g e d  o u t  r e f e r s  to w a t e r  l ev e l s  in the  c a n a l  o u t s i d e  o f  the w a t e r  
c o n t r o l  s t r u c tu r e .  T h e  w a t e r  l eve l  s ca le  is r e l a t i v e  to  an a rb i t r a ry  
d a t u m .  W a t e r  l eve ls  in an d  ou t  o f  the m a n a g e d  a r e a  are  a b s o l u t e  
to  e a c h  o the r .  T h e  c u r v e  fo r  the  u n m a n a g e d  a r e a  is p lo t t ed  such  
th a t  l o w  w a t e r  c o in c i d e s  wi th  low  w a t e r  fo r  the c a n a l .  B.  Fina .  
D u r i n g  the  M a y  s tu d y ,  w a t e r  l ev e l s  w e r e  m e a s u r e d  bo th  i n s id e  an d  
o u t s i d e  o f  the  w a t e r  c o n t r o l  s t r u c tu r e .  D u r i n g  the  S e p t e m b e r  and  
O c t o b e r  s tu d i e s ,  the  c o n t r o l  s t r u c tu r e  w a s  o p e n  a n d  w a t e r  l e v e l s
i n s i d e  a n d  o u t s i d e  the  m a n a g e d  a r e a  w e r e  the  s a m e .  T h e  w a t e r
l eve l  sca le  is r e l a t i v e  to  an a r b i t r a r y  d a t u m ,  but  the  d i f f e r e n t  
c u r v e s  a re  a b s o l u t e  to  o n e  a n o th e r .
F i n a  on  O c t o b e r  2 6 - 2 8  e x p e r i e n c e d  w a t e r  l eve l  c h a n g e s  i n s i d e  the  
m a n a g e d  a r e a  w h i c h  c a n  no t  be  t ied to  t ida l  c h a n g e s  or  
m a n a g e m e n t ,  bu t  a re  p o s s i b l e  t h e  r e s u l t  o f  a s l o s h i n g  w a v e  w i th  
u n k n o w n  p e r i o d  g e n e r a t e d  by  s t r o n g  l o c a l e  w i n d s .  F l u c t u a t i o n s  in 
w a t e r  l e v e l s  w e r e  t y p ic a l  f o r  the  n o r t h e r n  G u l f ,  w h i c h  is 
d o m i n a t e d  by  d i u r n a l  t ide s .  A t  R o c k e f e l l e r ,  f o r  e x a m p l e ,  a m i x e d  
t i d e  w a s  r e c o r d e d  w i th  bo th  d i u r n a l  a n d  s e m i - d i u r n a l  c o m p o n e n t s  
on  S e p t e m b e r  2 1 - 2 3  a n d  a d i u r n a l  t ide  on N o v e m b e r  2 - 4  ( F ig u r e
3 .2 ) .  T h e  t ide  r a n g e  at the  t w o  u n m a n a g e d  s i t es  a l s o  w e r e  d iu rna l .
T h e  t id e  r a n g e  v a r i e d  f r o m  16 to  38  c m  at R o c k e f e l l e r  an d  f r o m  12
to 14 c m  at F in a .  T h i s  is the  e x p e c t e d  p a t t e rn  as  t idal a m p l i t u d e  
d e c r e a s e s  w i th  i n c r e a s e d  d i s t a n c e s  f r o m  th e  c o a s t  ( B a u m a n n  
1 9 8 7 ) .
T h e  f lo o d  t id e  in the  c a n a l  o u t s i d e  U n i t  4 at R o c k e f e l l e r  ( F ig u r e  3 .2 )
w a s  a m p l i f i e d  b e c a u s e  an  e x t e n s i v e  n e t w o r k  o f  d i k e s  p r e v e n t e d
the  w a t e r  e n t e r i n g  on  t h e  r i s i n g  t ide f r o m  s p r e a d i n g  ou t  o v e r  the  
m a r s h .  M o s t  o f  the  a r e a  in the w e s t e r n  pa r t  o f  the r e f u g e  is 
s u r r o u n d e d  by  l e v e e s ,  in c o n t r a s t  to  w a t e r  in the  u n m a n a g e d  
a r e a s ,  t h a t  is n o t  r e s t r i c t e d  to c h a n n e l s .  T h e  t idal  r a n g e  in the 
c a n a l  d u r i n g  the  th re e  t ida l  c y c l e  s t u d i e s  r a n g e d  f r o m  74  to  7 9  c m  
as  c o m p a r e d  to 16 to  38 c m  in the  u n m a n a g e d  a r e a  ( T a b l e  3 .1 ) .  At  
the  F i n a  s i te ,  w e  d id  no t  m e a s u r e  an y  s u c h  a m p l i f i c a t i o n  o f  the 
t idal r a n g e  ( F ig u r e  3.2,  T a b l e  3 .1) .  T h i s  is l ike ly  d u e  to s m a l l e r  
t ida l  r a n g e s  an d  a m u c h  l a r g e r  u n r e s t r i c t e d  t idal  p l a in  at  F i n a  than  
in the  w e s t e r n  pa r t  o f  R o c k e f e l l e r .  T h e  a m p l i f i e d  h igh  t ide at 
R o c k e f e l l e r  r e s u l t s  in l e s s  t im e  p e r  t idal  c y c l e  th a t  the  m a i n  c o n t r o l  
s t r u c tu r e  c a n  d r a i n  U n i t  4.  A t  a non  a m p l i f i e d  h ig h  t ide  the  w a te r  
l eve l  w o u l d  s tay  b e l o w  the  m a r s h  s u r f a c e  fo r  m o r e  than  h a l f  o f  the 
t im e .  B e c a u s e  the  w a t e r  level  in the  H u m b l e  a nd  U n i o n  c a n a l s  is 
o f t e n  h i g h e r  th a n  the  w a t e r  i n s i d e  U n i t  4, w a t e r  w o u l d  f l o w  in to  
the  m a n a g e d  a re a  for  m o r e  t im e  than  it w o u l d  f l o w  ou t ,  i f the  
s t r u c tu r e  w e r e  left  o p e n  at all l im e s .  W h e n  the  w a t e r  l eve l  o u t s i d e
t h e  s t r u c t u r e  is b e l o w  th e  i n s id e  l e v e l s ,  d r a i n a g e  is s l o w  b e c a u s e  o f  
t h e  l i m i t i n g  s iz e  o f  t h e  s t r u c t u r e  o p e n i n g s .
I N S T A N T A N E O U S  W A T E R  F L U X E S :  T h e  w a t e r  f lux  m e a s u r e m e n t s  
s h o w  a c o n s i d e r a b l e  r e d u c t i o n  in to ta l  w a t e r  e x c h a n g e  at  the  
m a n a g e d  s i t e s  w h e n  c o m p a r e d  w i t h  t h e  u n m a n a g e d  s i t e s  ( F i g u r e
3 .3 ) .  I n s t a n t a n e o u s  w a t e r  f lu x  at  t h e  u n m a n a g e d  s i t e s  f o l l o w e d  
the  t ida l  s ig n a l  w i th  s i g n i f i c a n t  i n f l o w s  a n d  o u t f l o w s  o c c u r r i n g .  
C o n t r o l  s t r u c t u r e s  r e t a r d e d  w a t e r  e x c h a n g e s  in  b o th  d i r e c t i o n s .  
I n f l o w  w a s  o b s t r u c t e d  b y  th e  f l a p  g a t e s  w h i l e  o u t f l o w  w a s  
r e t a r d e d  by  th e  l i m i t e d  f l o w  c a p a c i t y  o f  the  s t r u c t u r e  a n d  a l t e r e d  
d i f f e r e n t i a l s  in  w a t e r  l e v e l  i n s i d e  a n d  o u t s i d e .
A t  R o c k e f e l l e r  p e a k  f l u x e s  r a n g e d  b e t w e e n  4  a n d  6  m 3  s-1 f o r  the
u n m a n a g e d  s i t e  a n d  b e t w e e n  1 and  2  m 3  s-1 f o r  the  m a n a g e d  s i te  
( F i g u r e  3. 3) .  T h e  t idal c y c l e  m e a s u r e m e n t s  a t  the  en d  o f  M a y  an d  
e a r l y  J u n e  o c c u r r e d  d u r i n g  a p e r i o d  o f  l o w  w i n d s ,  an d  th u s  w a t e r  
f l u x e s  w e r e  m a i n l y  t id a l ly  d r iv e n .  A t  t h e  u n m a n a g e d  s i te ,  the  
w a t e r  f l u x  p a t t e r n  r e f l e c t e d  the  m i x e d  t ide  w i th  a c o n s i d e r a b l e  
f l o w  in a n d  out ,  bu t  the  n e t  f lux  w a s  r e l a t i v e ly  low .  A t  the  
m a n a g e d  s i t e  the  s t r u c t u r e  w a s  c l o s e d  f o r  t h e  e n t i r e  s a m p l i n g  
p e r i o d  e x c e p t  d u r i n g  the  f ina l  h o u r  w h e n  it w a s  o p e n e d  f o r  a s h o r t  
t i m e  to  a l l o w  p o s t  l a rv a l  s h r i m p  to e n t e r  the  m a n a g e m e n t  un i t .
T h i s  r e s u l t e d  in the  s t r o n g  p u l s e  o f  i n f l o w  at  a b o u t  1 7 0 0  ( h o u r  
4 8 ) o n  J u n e  2 .  T h e  m e a s u r e m e n t s  a t  R o c k e f e l l e r  in S e p t e m b e r  
o c c u r r e d  d u r i n g  a p e r i o d  o f  b r i sk  n o r th  w i n d s  a n d  l o w  t idal  r a n g e  
( 6  c m ) .  A t  the  u n m a n a g e d  s i te  th is  r e s u l t e d  in a ne t  f l o w  ou t  o f  
E a s t  L i t t l e  C o n s t a n c e  B a y o u  w e r e  f l o w  ou t  t o ta l e d  2 2  h a n d  f l o w  in
8  h.  B y  c o m p a r i s o n ,  the  o u t f l o w  at  the  m a n a g e d  a re a  t o ta l e d  on ly
14 h d u e  to  h ig h  w a t e r  o u t s i d e  the  s t r u c tu r e .  T h e  N o v e m b e r  
s a m p l i n g  a l s o  o c c u r r e d  d u r i n g  a p e r i o d  o f  s t r o n g  no r th  w i n d s ,  w i th  
a  s t r o n g  ne t  o u t f l o w  at  the  u n m a n a g e d  a rea .  W a t e r  f l o w e d  ou t  o f  
the  b a y o u  fo r  38  h a nd  in fo r  8 h. A t  the  m a n a g e d  s i te  o u t f l o w  
w a s  o n ly  fo r  18 h. T h e s e  r e s u l t s  i n d ic a te  tha t  the  a m p l i f i e d  h igh  
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F i g u r e  3 . 3 . A I n s t a n t a n e o u s  w a t e r  f l u x e s  at  R o c k e f e l l e r  p e r  m -  
d r a i n a g e  a r e a  m e a s u r e d  e a c h  t w o  h o u r s  fo r  t h r e e  t id es .  P o s i t i v e  
v a lu e s  i n d i c a t e  f lux  in to  t h e  a r e a  a nd  n e g a t i v e  v a l u e s  a re  f lux out  
o f  the  a rea .  W a t e r  f lux  f o r  the  m a n a g e d  a r e a  w a s  m e a s u r e d  at the  
c o n t r o l  s t r u c t u r e  in the  s o u t h w e s t e r n  c o r n e r  o f  un i t  4.  W a t e r f l u x  
f o r  t h e  the  u n m a n a g e d  a r e a  is fo r  w a t e r  e x c h a n g e  in E a s t  L i t t l e  
C o n s t a n c e  B a y o u  no r th  o f  E as t  C o n s t a n c e  L a k e .
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F i g u r e  3 .3 .B  I n s t a n t a n e o u s  w a t e r  f l u x e s  at  F i n a  p e r  d r a i n a g e  
a r e a  m e a s u r e d  e a c h  t w o  h o u r s  fo r  t h r e e  t ides .  P o s i t i v e  v a lu e s  
i n d i c a t e  f lux  in to  the  a r e a  a n d  n e g a t i v e  v a lu e s  a re  f lu x  ou t  o f  the  
a re a .  W a t e r  f lux fo r  the m a n a g e d  a r e a  w a s  m e a s u r e d  at  the 
c o n t r o l  s t r u c tu r e  nor th  o f  F a l g o u t  C a n a l .  T h e  w a t e r f l u x  fo r  the  
u n m a n a g e d  a r e a  is f o r  w a t e r  e x c h a n g e  at f ive  p o i n t s  w i th  F a l g o u t  
C a n a l .
5 3
r e d u c t i o n  in the  t im e  th e  m a n a g e d  a r e a  d r a i n s  as  c o m p a r e d  w i th  
t h e  u n m a n a g e d  s i te .
W a t e r  f l u x e s  at the  F i n a  u n m a n a g e d  s i te  s h o w e d  the  e f f e c t s  o f  the  
e b b  an d  f lo o d  o f  the  t ide ,  bu t  t h e  p e a k  f l u x e s  w e r e  s m a l l e r  than  at 
R o c k e f e l l e r  ( F ig u r e  3 .3 ) .  P e a k  f l u x e s  w e r e  b e t w e e n  1.5 and  2.5 m3 
s -1 .  B y  c o m p a r i s o n ,  p e a k  f lu x e s  at  the  m a n a g e d  s i te  w e r e  les s  than  
0 .5  m3 s - l .  In M a y  n o  s t r o n g  w i n d s  an d  a t idal  a m p l i t u d e  o f  12 c m  
r e s u l t e d  in a n o r m a l  d i u r n a l  p a t t e rn  o f  f lo o d  an d  e bb .  T h e  f lux  
d a t a  f o r  t h e  u n m a n a g e d  s i t e ,  w i th  a  r e g u l a r  p a t t e r n  o f  i n f l o w  and  
o u t f l o w ,  r e f l ec t  the  t idal  s igna l .  T h e  m a n a g e d  a r e a  o n l y  had  
o u t f l o w  fo r  8  h an d  no  i n f l o w  as  f la p  ga te s  w e r e  c lo s e d  by 
h y d r o s t a t i c  p r e s s u r e .  In S e p t e m b e r ,  the  f l a p  g a t e s  w e r e  no t  
o p e r a t i o n a l  and  t h e r e f o r  i n f l o w  w a s  no t  p r e v e n t e d .  T h e  t idal 
r a n g e  w a s  a g a in  1 2  c m  bu t  w a s  i n f l u e n c e d  s t r o n g l y  by  w i n d s  wi th  
v a r i a b l e  s p e e d s  a n d  s h i f t i n g  d i r e c t i o n s .  T h i s  r e s u l t e d  in a 
s o m e w h a t  i r r e g u l a r  p a t t e r n  o f  w a t e r  f lux  w i t h o u t  the  c l e a r  d i u r n a l  
t ida l  s igna l .  T h e  m a n a g e d  an d  u n m a n a g e d  s i te  bo th  h a d  in or  
o u t f l o w s ,  wi th  the  l a r g e r  f lo w s  at the  u n m a n a g e d  s ite.  In O c t o b e r ,  
a g a in  the  f la p  g a t e s  w e r e  not  o p e r a t i o n a l .  A g a i n  a m o r e  typ ica l  
t ida l  s igna l  r e s u l t e d  in a r e g u l a r  p a t t e rn  o f  w a t e r  f lux  at the  
u n m a n a g e d  s ite.  W a t e r  f l u x e s  at  the  m a n a g e d  a r e a  w e r e  low.  
O v e r a l l ,  the  u n m a n a g e d  s i te  had a s l ig h t  ne t  i n f l o w  fo r  e a c h  o f  the 
t h r e e  s a m p l i n g  t r i p s .
N E T  M A T E R I A L  F L U X E S  A N D  M A T E R I A L  C O N C E N T R A T I O N S :  The  
d a t a  on i n s t a n t a n e o u s  w a t e r  f l u x e s  a n d  m a t e r i a l  c o n c e n t r a t i o n s  
w e r e  u se d  to c a l c u l a t e  to tal  ne t  m a te r i a l  f l u x e s  p e r  m 2 o f  d r a i n a g e  
a r e a  d u r i n g  e a c h  s a m p l i n g  pe r iod .  T h e s e  ne t  f lu x e s  at  the 
m a n a g e d  a r e a s  w e r e  p l o t t e d  a g a i n s t  the  n e t  f l u x e s  at  the 
u n m a n a g e d  a r e a s  fo r  t im e  s p e c i f i c  c o m p a r i s o n s  ( F i g u r e  3 .4 ) .  In 
g e n e r a l ,  t he  m a g n i t u d e  o f  the  ne t  f l u x e s  w e r e  m u c h  g r e a t e r  fo r  the 
u n m a n a g e d  a r e a s ,  d u e  m a i n l y  to the  g r e a t e r  w a t e r  t r a n s p o r t
T a b l e  3.2.  N e t  f lu xes  p e r  o f  d r a i n a g e  bas in  fo r  the  th ree  tidal  f lux  s tud ies .  N e g a t iv e  va lues  are
m a t e r i a l s  l e a v in g  the  ba s in  w h i l e  p o s i t i v e  v a lu e s  i n d i c a t e  f lu x e s  e n t e r i n g  the  bas in .  U n m  are  va lue s  fo r  
u n m a n a g e d  s i t es  w h i l e  M a n  a re  v a lu e s  r e l a te d  to m a n a g e d  s ites .
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F i g u r e  3.4.  A c o m p a r i s o n  o f  ne t  m a te r i a l  f l u x e s  p e r  m -  o f  the
s tu d y  a r e a  f o r  t h e  m a n a g e d  a n d  u n m a n a g e d  a r e a s  f o r  e a c h  48  h
s a m p l i n g  p e r io d .  T h e  ne t  f l u x e s  f o r  the  u n m a n a g e d  a r e a s  a r e  on 
the  h o r i z o n t a l  ax i s  an d  f o r  the  m a n a g e d  a r e a s  a re  on  the  ve r t i ca l  
ax i s .  E a c h  c i r c l e  c o m p a r e s  the  ne t  f lux  b e t w e e n  m a n a g e d  and  
u n m a n a g e d  a r e a s  fo r  a p a r t i c u l a r  c o n s t i t u e n t  ( w a t e r ,  sa l t ,  
s u s p e n d e d  s e d i m e n t s ,  a m m o n i u m ,  p h o s p h a t e ,  a n d  n i t r a t e  p lu s  
n i t r i t e )  fo r  an i n d i v i d u a l  s a m p l i n g  t rip.  P o s i t i v e  v a lu e s  i n d i c a t e
f lux  in to  the  a re a  an d  n e g a t i v e  v a lu e s  a re  f lux  ou t  o f  the  a rea .  R
a n d  F  s t a n d  fo r  R o c k e f e l l e r  an d  F ina ,  r e s p e c t i v e l y ,  a n d  1, 2, and  3 
a r e  fo r  the  f i rs t ,  s e c o n d ,  a n d  th i rd  t r ips .
( F i g u r e  3 .4 ,  T a b l e  3 .2 ) .  T h e  u n m a n a g e d  a r e a s  h a d  a n e t  m a t e r i a l  
i m p o r t  on s o m e  t r ip s  an d  a ne t  e x p o r t  on  o th e r s .  T h e  m a n a g e d  
a r e a  at  R o c k e f e l l e r  ha d  a sm a l l  i m p o r t  in M a y  w h i l e  f l u x e s  in 
S e p t e m b e r  a n d  N o v e m b e r  w e r e  g e n e r a l l y  n e a r  z e r o  o r  e x p o r t s .
T h e  i m p o r t  d u r i n g  M a y  w a s  a  r e s u l t  o f  m a n a g e m e n t  b e c a u s e  the  
g a te  w a s  o p e n e d  o n l y  fo r  a b r i e f  p e r i o d  at  the  e n d  o f  the  48  h 
p e r i o d  an d  th i s  a l l o w e d  th e  on ly  w a t e r  f l o w  f o r  the  e n t i r e  s tu d y  
p e r i o d .
T h e  R o c k e f e l l e r  u n m a n a g e d  a r e a  had  a s t r o n g  ne t  e x p o r t  o f  w a t e r  
d u r i n g  the  S e p t e m b e r  a n d  N o v e m b e r  t r ip s  a n d  a s l ig h t  ne t  i m p o r t  
d u r i n g  the M a y  t rip.  T h e  F in a  u n m a n a g e d  a r e a  had  a ne t  i m p o r t  o f  
w a t e r  at  the  u n m a n a g e d  s i t e  f o r  all t h re e  t r ips .  T h e  R o c k e f e l l e r  
m a n a g e d  a r e a  ha d  a s t r o n g  ne t  e x p o r t  o f  w a t e r  in S e p t e m b e r  and  
N o v e m b e r  r e f l e c t i n g  the  n o r th  w i n d s  d u r i n g  the  s a m p l i n g  t r ip s  
an d  a s m a l l  ne t  w a t e r  i m p o r t  in M a y .  T h e  m a n a g e d  a r e a  at  F i n a  
ha d  a s m a l l  ne t  e x p o r t  o f  w a t e r  fo r  e a c h  o f  the  t r ips .  T h e s e  ne t  
w a t e r  t r a n s p o r t  p a t t e r n s  w e r e  t h e  m a i n  d r i v i n g  f o r c e s  a f f e c t i n g  
m a t e r i a l s  t r a n s p o r t .
T h e  m o s t  s t r i k in g  r e s u l t  o f  T S S  t r a n s p o r t  is the  s t r o n g  n e t  e x p o r t  
f r o m  b o th  m a n a g e d  a n d  u n m a n a g e d  a r e a s  a t  R o c k e f e l l e r  d u r i n g  
S e p t e m b e r  a n d  N o v e m b e r .  F i n a  had  a n e t  i m p o r t  o f  s u s p e n d e d  
s o l i d s  i n to  the  u n m a n a g e d  a r e a  an d  a s l igh t  e x p o r t  f r o m  the  
m a n a g e d  a r e a  f o r  all t h r e e  t r ips .  T S S  w e r e  s i g n i f i c a n t l y  h i g h e r  in 
the  m a n a g e d  a r e a s  ( p < 0 . 0 0 0 1 )  a n d  h i g h e r  a t  R o c k e f e l l e r  ( p < 0 . 0 0 0 1 ,  
T a b l e  3 .3  ). T h e s e  d i f f e r e n c e s  r esu l t  f r o m  the  h igh  T S S  
c o n c e n t r a t i o n s  at R o c k e f e l l e r  d u r i n g  the  t w o  t r ip s  w i th  s t r o n g  
n o r t h  w i n d s .  T h e s e  r e s u l t s  s u g g e s t  t h a t  the  c o m m o n  m a n a g e m e n t  
p r a c t i c e  o f  d r a w  d o w n  by  d r a i n i n g  d u r i n g  s t r o n g  n o r th  w i n d s  m a y  
r e s u l t  in c o n s i d e r a b l e  s e d i m e n t  e x p o r t  f r o m  m a n a g e d  a r e a s .
T h e  ne t  f lux  o f  sa l t  c lo s e l y  f o l l o w e d  net  w a t e r  f lux  b e c a u s e  s a l in i ty  
b e h a v e s  c o n s e r v a t i v e l y  in the  sh o r t  t e rm  an d  c a n  be  u s e d  as  a
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t r a c e r  o f  w a t e r  m a s s e s  ( D a y  e t  a l.  1989) .  C o n s e r v a t i v e  b e h a v i o r  
m e a n s  tha t  the  c o n c e n t r a t i o n  is c h a n g e d  o n l y  by  d i lu t i o n .  T h e  
R o c k e f e l l e r  m a n a g e d  a n d  u n m a n a g e d  a r e a s  h a d  c o n s i d e r a b l e  ne t  
e x p o r t s  o f  sa l t  in S e p t e m b e r  and  N o v e m b e r .  T h e  F i n a  u n m a n a g e d  
a r e a  h a d  a ne t  i m p o r t  o f  sa l t  in S e p t e m b e r  a nd  O c t o b e r  a n d  the  
R o c k e f e l l e r  u n m a n a g e d  a r e a  in l a te  M a y .  O n  o t h e r  t r ips  the ne t  
f l u x  o f  sa l t  w a s  c lo s e  to  z e ro .  T h e s e  r e s u l t s  s u g g e s t  tha t  w h e n  
t h e r e  is an ne t  e x p o r t  o f  w a t e r  f r o m  an  a r e a  t h e r e  c a n  be a ne t  
e x p o r t  o f  sal t .  S a l in i t y  l e v e l s  d u r i n g  the  f lux  s tu d i e s  w e r e  h i g h e r  
in the  m a n a g e d  a r e a s  ( p < 0 . 0 0 0 1 )  a n d  at  R o c k e f e l l e r  ( p < 0 . 0 0 0 1 ,
T a b l e  3 .3  ). T h e s e  a re  r e f l e c t i v e  o n ly  o f  the  p e r i o d  o f  the  f lux 
s tu d i e s .  ( R o g e r s  et al.  1 9 9 2 )  r e p o r t e d  tha t  s a l i n i t y  w a s  
s i g n i f i c a n t l y  h i g h e r  in the  F i n a  m a n a g e d  a r e a  d u r i n g  the  d r a w  
d o w n  p e r i o d  w h i l e  ( F l y n n  e t  al.  1 9 9 0 )  r e p o r t e d  l o w e r  s a l i n i t i e s  in 
t h e  R o c k e f e l l e r  m a n a g e d  a rea .
T h e  F in a  u n m a n a g e d  a rea  ha d  a  ne t  i m p o r t  o f  N H 4  a n d  N O 3 on all 
t h r e e  t r ips .  T h e  F in a  m a n a g e d  a r e a s  s h o w e d  v e r y  sm a l l  ne t  f l u x e s  
o f  these  m a t e r i a l s  T h e  ne t  f lu x e s  o f  N O 3 at  bo th  R o c k e f e l l e r  
u n m a n a g e d  an d  m a n a g e d  s i t es  w e r e  sm a l l  on  all t h r e e  t r ips  
r e f l e c t i n g  th e  low  N O 3 c o n c e n t r a t i o n s  d u r i n g  t h e s e  p e r i o d s .
H o w e v e r ,  at  R o c k e f e l l e r  d u r i n g  S e p t e m b e r  a n d  N o v e m b e r  w e  
r e c o r d e d  e x p o r t s  o f  N H 4  f r o m  th e  u n m a n a g e d  a n d  m a n a g e d  a r e a s .
W h e n  e x p r e s s e d  on a m2 bas i s ,  the  f l u x e s  at the m a n a g e d  a r e a s  o f  
b o th  s i tes  a re  c lo se  to  z e ro .  T h e  ne t  f lux p a t t e rn s  fo r  P O 4  a re  
s i m i l a r  to t h o se  o f  i n o r g a n i c  n i t r o g e n .  T h e  F i n a  u n m a n a g e d  a rea  
h a d  a ne t  im p o r t  on all t h r e e  t r ip s ,  bu t  a lm o s t  no  net f lux  at the 
m a n a g e d  a re a .  T h e  R o c k e f e l l e r  m a n a g e d  a n d  u n m a n a g e d  a r e a s  
h a d  c o n s i d e r a b l e  net e x p o r t s  o f  P O 4  in S e p t e m b e r  a nd  N o v e m b e r  
r e f l e c t i n g  the  ne t  w a t e r  e x p o r t .  O n  a p e r  un i t  a r e a  bas i s ,  the  ne t  
f l u x e s  fo r  the  m a n a g e d  a r e a s  w e r e  e x t r e m e l y  sm a l l .  B o th  N H 4  and  
P O 4  c o n c e n t r a t i o n s  w e r e  h i g h e r  a t  R o c k e f e l l e r  bu t  N O 3 l ev e l s  w e r e  
h i g h e r  at F in a  ( T a b le  3.3 ). P O 4  l ev e l s  w e r e  h i g h e r  a t  the  m a n a g e d  
a r e a s .
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T a b l e  3 .3 .  M e a n  a n d  s t a n d a r d  e r r o r  o f  s h o r t  t e r m  s e d i m e n t a t i o n  
r a t e s ,  soi l  p a r a m e t e r s ,  a n d  c o n c e n t r a t i o n s  o f  m a t e r i a l s  m e a s u r e d  
d u r i n g  f lu x  s tu d i e s  f o r  e a c h  o f  the  s tu d y  s i t es .  ( T o t  S e d = to t a l  
s e d i m e n t a t i o n ,  In S e d = i n o r g a n i c  s e d i m e n t a t i o n ,  O r g  S e d = o r g a n i c  
s e d i m e n t a t i o n ,  % O M = %  o r g a n i c  m a t t e r  o f  d e p o s i t e d  m a t e r i a l ) .
Param eter
Rockefe lle r Fina
P
valueManaged Unmanaged Managed Unmanaged
Short Term Sedimentation
Tot Sed (g m-2d-1) 0 . 5 7 ±  0 . 7 8 1 , 0 2 ± 0 . 7 2 1 . 6 8 ±  0 . 6 4 3 . 8 1 ± 0 . 6 7 0 . 2 1
MinSed (g m-2d-1) 0 . 0 8 ±  0 . 2 6 0 . 1 0 ± 0 . 2 4 0 . 3 5 ±  0 . 2 1 , 5 7 ±  0 . 2 2 0 . 0 2
OrgSed (g m-2d-1) 0 . 5 0 ±  0 . 5 5 0 . 9 2 ± 0 . 5 1 1 . 3 3 ±  0 . 4 6 2 . 2 9 ±  0 . 4 2 0 . 5 9
% OM 8 5 +  3 . 5 8 2  + 3 . 2 7 9 ±  3 . 1 5 1 ± 3 . 0 0
Medium term Sedimentation ( Cahoon 1990)
% OM after 1 y 5 9 ±  3 2 6 ± 1 2 8 ±  5 5 3 ±  8
Soil Parameters
Phos(mg Kg-1) 1 0 1  ± 7 . 5 1 1 8 ± 7 . 7 1 1 1 ± 8 . 3 2 3 2 ±  7 . 8 0
Na(g Kg-1) 8 . 6 ±  1 .5 6 . 5 ± 1 . 5 7 . 6 ±  1 . 6 9 . 0 ±  1 . 5 0 . 2 5
%OM 8 . 7 ±  0 . 2 7 . 2 ± 0 . 2 5 . 6 +  0 . 2 5 . 8 ±  0 . 2 0
Material Concentrations During Flux Studies
• Sus Sed (mg 1-1) 2 8 +  5 2 6 ± 1 1 1 6 0 ±  9 6 3 ±  7 0
S a lin ity  (ppt) 2 . 2 9 ±  0 . 2 6 0 . 4 2 ± 0 . 5 9 8 . 9 9 ±  0 . 4 5 6 . 5 3 +  0 . 3 4 0 . 5
NH4 (pM) 3 . 1  ± 0 . 4 3 . 7 ± 0. 8 5 . 4 ±  0 . 7 4 . 3 ±  0 . 5 0 . 1 9
N 03 (|iM) 6 . 9 ±  0 . 8 8 . 8 ± 1 .8 1 . 6 ±  1 . 4 2 . 0 +  1 . 0 0 . 5 7
F lu x  s t u d i e s  h a v e  been  u s e d  to c a l c u l a t e  m a t e r i a l  b u d g e t s  fo r  
d i f f e r e n t  w e t l a n d s  ( W o o d w e l l  et al. 1977 ;  D a m e  et al. 1 9 8 6 )  an d  to  
c h a r a c t e r i z e  the  i n t e r a c t i o n  b e t w e e n  w e t l a n d s  a n d  a d j a c e n t  w a t e r s  
u n d e r  v a r y i n g  c o n d i t i o n s  o f  suc h  f o r c i n g  as  t ide  r a n g e ,  r i v e r  f lo w ,  
t e m p e r a t u r e ,  a n d  s t o r m  e v e n t s  ( C h i l d e r s  an d  D a y  1 9 9 0 a ;  C h i l d e r s
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a n d  D a y  1990b ;  S te rn  e t  al.  1991) .  W e  w a n t  to  s t r e s s  t h a t  it w a s  
n o t  o u r  o b j e c t i v e  to u s e  t h e  f lux  r e s u l t s  to  c a l c u l a t e  a  l o n g  t e rm  
b u d g e t .  R a t h e r  w e  w a n t e d  to  ge t  an id ea  o f  t h e  b e h a v i o r  o f  the  
s y s t e m  u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  p h y s i c a l  f o r c i n g  ( t i d e s  an d  
w e a t h e r  e v e n t s )  a n d  s t r u c t u r e  o p e r a t i o n .
T i d a l  e x c h a n g e  c o u p l e d  w i t h  w i n d s  a f f e c t e d  th e  d i r e c t i o n  an d  
m a g n i t u d e  o f  f lux  at  the  u n m a n a g e d  a re a s .  S t r o n g  n o r t h  w i n d s  (as  
in  S e p t e m b e r  a nd  N o v e m b e r  at R o c k e f e l l e r )  c a u s e d  s t r o n g  ne t  
f l u x e s  o f  w a t e r  a n d  m a t e r i a l s .  W h e n  w a t e r  e x c h a n g e  w a s  m a i n l y  
t id a l ly  d r iv e n ,  ne t  f l u x e s  w e r e  m u c h  s m a l le r .  N e t  f l u x e s  o v e r  a 
s i n g l e  t ida l  c y c l e  can  be  v e r y  d i f f e r e n t  f r o m  d a y  to  d a y  an d  d u r i n g  
d i f f e r e n t  s e a s o n s  ( K j e r f v e  an d  P r o e h l  1 979 ;  S t e rn  et al.  1991 )  
d e p e n d i n g  on loca l  c l i m a t i c  a n d  h y d r o l o g i c  c o n d i t i o n s .  T h u s ,  
d u r i n g  the  S e p t e m b e r  a n d  N o v e m b e r  t r ip s  a t  R o c k e f e l l e r ,  n o r th  
w i n d s  c a u s e d  c o n s i d e r a b l e  ne t  e x p o r t  o f  w a t e r ,  T S S ,  sal t ,  
a m m o n i u m  a n d  p h o s p h a t e  f r o m  b o t h  t h e  m a n a g e d  a n d  u n m a n a g e d  
s i t es .  W e  s u s p e c t  tha t  the  T S S  loss  r e s u l t e d  f r o m  r e s u s p e n s i o n  o f  
b o t t o m  s e d i m e n t s  in s h a l l o w  p o n d s  a n d  w a t e r w a y s  an d  
s u b s e q u e n t  e x p o r t  w i th  w a t e r  f l o w i n g  o u t  o f  the  a r e a s .  By 
c o n t r a s t  the  F i n a  u n m a n a g e d  a r e a  ha d  a  n e t  i m p o r t  o f  w a t e r  an d  
T S S  on all t h re e  t r ips .  E x p o r t  o f  T S S  has a l s o  b e e n  r e l a t e d  to  s t r o n g  
r a i n s t o r m s  at low  t ide  ( S e t t l e m y r e  a n d  G a r d n e r  1975 ;  W a r d  1981;
C h i l d e r s  an d  D a y  1990a ) .  N e t  u p t a k e  o f  T S S  ha s  a l s o  b e e n  r e p o r t e d  
( W o l a v e r  et al. 1988 )  s u c h  as  w e  m e a s u r e d  f o r  the  u n m a n a g e d  
a re a  at F in a  fo r  all t h r e e  t r ips.
N e t  f lu x e s  w e r e  m u c h  l o w e r  at the  m a n a g e d  a re a s ,  a r e s u l t  o f  the  
s t r u c t u r e s  a nd  t h e i r  o p e r a t i o n .  E v e n  w h e n  f l a p  g a t e s  w e r e  non  
o p e r a t i o n a l ,  the  s t r u c t u r e s  in F in a  and  R o c k e f e l l e r  un i t  4 c a r r i e d  
le s s  w a t e r  than  the  n a t u r a l  c h a n n e l s  in the  u n m a n a g e d  a r e a s  
( F i g u r e  3 .3 ) .  T h e  o p e r a t i o n  o f  the  s t r u c t u r e s  f u r t h e r  l o w e r e d  tota l  
w a t e r  f lux  and ,  on a v e r a g e ,  led  to a ne t  e x p o r t  o f  w a t e r  ( F ig u r e  
3 .5 ) .  T h u s  m a n a g e m e n t ,  d u r i n g  the  p e r i o d s  w e  s tu d i e d ,  
s u b s t a n t i a l l y  l o w e r e d  i n t e r a c t i o n s  b e t w e e n  th e  m a n a g e d  w e t l a n d s
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a n d  e s t u a r i n e  w a t e r s .  W h e n  e x p r e s s e d  on  a p e r  u n i t  a r e a  b a s i s ,  
t h e s e  r e s u l t s  s h o w ,  the  m a n a g e d  w e t l a n d s  w h e n  c o m p a r e d  to  the  
u n m a n a g e d  a r e a s  a r e  f u n c t i o n a l l y  u n c o u p l e d  f r o m  t h e  s u r r o u n d i n g  
e s t u a r y .  A s e c o n d  a f f e c t  o f  m a n a g e m e n t  w a s  to  c o n v e r t  the  
m a n a g e d  s y s t e m s ,  d e p e n d i n g  on  w i n d  a n d  w a t e r  l e v e l  c o n d i t i o n s ,  
f r o m  s l i g h t ly  to  s t r o n g l y  e x p o r t i n g  s y s t e m s .  T h e s e  r e s u l t s  a l s o  
s u g g e s t  t h a t  m a n a g e m e n t  c a n  b e  a  w a y  to  e x p o r t  sa l t  a n d  t h e r e f o r  
l o w e r  sa l t  in a  m a n a g e d  a rea .
S H O R T  T E R M  S E D I M E N T A T I O N :  T h e  r e su l t s  s h o w  g e n e r a l l y  that  
s h o r t  t e r m  s e d i m e n t a t i o n  w a s  h i g h e r  a t  the  u n m a n a g e d  s i t e s  an d  
at R o c k e f e l l e r  ( T a b l e  3 .3  ). T o t a l  s e d i m e n t a t i o n  r a t e s  w e r e  
s i g n i f i c a n t l y  h i g h e r  at R o c k e f e l l e r  than  t h o s e  at F i n a  (p<0 . ( )5 )  and  
w e r e  h i g h e r  in the  u n m a n a g e d  a r e a s  f o r  b o th  s i t e s  ( p < 0 . 0 9 ,  T a b l e
3 .3 ) .  D e p o s i t i o n  o f  m i n e r a l  s e d i m e n t  w a s  s i g n i f i c a n t l y  h i g h e r  a t  
R o c k e f e l l e r  ( p < 0 . 0 1 )  a n d  at the  u n m a n a g e d  a r e a s  ( p < 0 . 0 1 ) ,  w h i l e  
t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e s  in o r g a n i c  m a t t e r  d e p o s i t i o n  
b e t w e e n  a r e a s  ( p < 0 . 1 1 )  o r  m a n a g e m e n t  p r a c t i c e  ( p < 0 . 2 1 )  T h e  % 
o r g a n i c  m a t t e r  o f  d e p o s i t e d  m a t e r i a l  w a s  s i g n i f i c a n t l y  h i g h e r  at 
t h e  m a n a g e d  s i t e s  (pcO.OOOl)  a n d  at  F i n a  (pcO.OOOl) .  S t r e a m s i d e  
s e d i m e n t a t i o n  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  i n l a n d  o n l y  f o r  the  
R o c k e f e l l e r  u n m a n a g e d  s i t e  ( F i g u r e  3 .5 ) .
T o t a l  s e d i m e n t  d e p o s i t i o n  at F i n a  r a n g e d  f r o m  0 -2 .3  g n r 2 d _1 a n d  
0 - 1 . 3 2  g n r 2 d _1, a n d  m i n e r a l  s e d i m e n t  d e p o s i t i o n  r a n g e d  f r o m  0-  
0 . 2 6  g m ' 2 d _1 an d  f r o m  0 - 0 .3 8  g n r 2 d _1 f o r  t h e  u n m a n a g e d  an d  
m a n a g e d  s i t es ,  r e s p e c t i v e l y .  T h e  o r g a n i c  f r a c t i o n  r a n g e d  f r o m  26-  
1 0 0 %  a n d  f r o m  5 5 - 1 0 0 %  fo r  the  u n m a n a g e d  an d  m a n a g e d  a r e a s ,  
r e s p e c t i v e l y .  T o ta l  s e d i m e n t  d e p o s i t i o n  at R o c k e f e l l e r  r a n g e d  f r o m  
0 - 1 1 . 9  g n r 2 d _1 a nd  0 - 3 .6  g n r 2 d _1, a n d  m i n e r a l  d e p o s i t i o n  r a n g e d  
f r o m  0 - 4 . 2 2  g m ^ d ' 1 an d  f r o m  0 - 1 .0 8  g n r 2 d ' 1 f o r  the  
u n m a n a g e d  a n d  m a n a g e d  s i t e s ,  r e s p e c t i v e l y .  T h e  o r g a n i c  f r a c t i o n  
v a l u e s  r a n g e d  f r o m  9 - 7 4 %  a n d  f r o m  1 5 - 1 0 0 %  fo r  the  u n m a n a g e d  
a n d  m a n a g e d  a r e a s ,  r e s p e c t i v e l y .  R e e d  ( 1 9 8 9 ,  1 9 9 2 )  r e p o r t e d  
sh o r t  t e r m  s e d i m e n t a t i o n  r a t e s  f r o m  n e a r  z e r o  to  4 0  g n r 2 d ' 1 fo r  a
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n u m b e r  m a r s h  s i t es  in the  L o u i s i a n a  c o a s t a l  z one .  O u r  f i n d i n g s  
w e r e  R o c k e f e l l e r  s h o w s  h i g h e r  s e d i m e n t a t i o n  r a t e s  t h e n  F i n a  
a g r e e s  w i th  R e e d  ( 1 9 8 9 ,  1 9 9 2 )  w h o  s h o w e d  th a t  s e d i m e n t a t i o n  
r a t e s  a r e  h i g h e r  n e a r  t h e  c o a s t .
Fina U n m a n a g e d  
Fina M a na g ed
I I R o c k e f e l l e r  U n m a n a g e d  
H  R o c k e f e l l e r  M a n ag e d
b l z u l j
15 20  25
D i s t a n c e  a w a y  f r o m  t h e  m a i n  w a t e r  bo dy  ( m )
F i g u r e  3 .5 .  T o ta l  s h o r t  t e r m  s e d i m e n t a t i o n  r a t e s  a t  the  f o u r  s i tes .  
V a l u e s  f o r  e a c h  s t a t i o n  a r e  a v e r a g e d  o v e r  the  p e r i o d  b e t w e e n  A u g u s t  
1 9 8 9  a n d  J a n u a r y  1990 .
T h e s e  r e s u l t s  i n d i c a t e  t h a t  m a n a g e m e n t  l e a d s  to  d e c r e a s e d  
s e d i m e n t a t i o n  o f  a l l o c h t o n i o u s  m a t e r i a l s  on  the  m a r s h  s u r f a c e .  In
the  s a m e  o v e r a l l  s tu d y ,  C a h o o n  ( 1 9 9 0 )  f o u n d  tha t  v e r t i c a l  
a c c r e t i o n  o v e r  m a r k e r  h o r i z o n s  w a s  f r o m  5 - 1 0  t i m e s  l o w e r  in the  
m a n a g e d  a r e a s .  R e e d  ( 1 9 9 2 )  r e p o r t e d  l o w e r  s h o r t  t e r m  
s e d i m e n t a t i o n  at a n u m b e r  o f  m a r s h  s i t e s  in c o a s t a l  L o u i s i a n a  
w h i c h  had  f i x e d - c r e s t  w e i r s .  N e w  i n t r o d u c e d  m a t e r i a l s  to the  
m a r s h  s u r f a c e  a re  c r u c i a l  to  o f f s e t  s u b s i d e n c e  an d  m a i n t a i n  an 
e l e v a t i o n  r e l a t i v e  to  l o c a l e  w a t e r  l e v e l s  s u i t a b l e  f o r  m a r s h  p l a n t s  
to  s u r v i v e  an d  r e p r o d u c e  ( D a y  a n d  T e m p l e t  1989) .
S e d i m e n t a t i o n  w a s  h i g h  a f t e r  t h e  p a s s a g e  o f  H u r r i c a n e  G i l b e r t  
( S e p t e m b e r  26  1 9 8 9 )  in a ll  a r e a s  e x c e p t  R o c k e f e l l e r  m a n a g e d .  T h e  
i m p o r t a n c e  o f  s t o r m - d o m i n a t e d  d e p o s i t i o n a l  p a t t e r n s ,  e s p e c i a l l y  
by  h u r r i c a n e s ,  ha s  b e e n  r e p o r t e d  by  a n u m b e r  o f  a u t h o r s  f o r  bo th  
L o u i s i a n a  an d  o t h e r  c o a s t a l  a r e a s .  ( B a u m a n n  e t  al. 1984 ;  M e e d e r  
1987;  R e j m a n e k  et  al.  1988 ;  R e e d  1989) .  T h e  r e s u l t s  o f  o u r  s tu d y  
a n d  o t h e r s  m e n t i o n e d  a b o v e  s h o w  th a t  t h e  g r e a t e s t  d e p o s i t i o n  o f  
s e d i m e n t s  in L o u i s i a n a  c o a s t a l  m a r s h e s  o c c u r s  d u r i n g  s t o r m  e v e n t s  
w h e n  l a r g e  a m o u n t s  o f  s e d i m e n t s  a re  m o b i l i z e d  t h r o u g h  
r e s u s p e n s i o n  a n d  m o v e d  o n t o  t h e  m a r s h  d u r i n g  h ig h  t ide s .  T h e  
r e d u c e d  s e d i m e n t  i n p u t  a n d  s e d i m e n t  d e p o s i t i o n  at  t h e  m a n a g e d  
a r e a s  in c o m p a r i s o n  to  t h e  u n m a n a g e d  a r e a s  c a n  be  e x p l a i n e d  b y  a 
g e n e r a l  m a r s h  m a n a g e m e n t  o b j e c t i v e  as  it s e e k s  to  use  w a t e r  
c o n t r o l  s t r u c t u r e s  to  r e d u c e  w a t e r  i n f l o w  a n d  f l o o d i n g  d u r i n g  
s t o r m  e v e n t s  ( C l a r k  a n d  H a r t m a n  1990) .
S O I L  P A R A M E T E R S :  T h e  p e r c e n t a g e  o r g a n i c  m a t t e r  in d e p o s i t e d
s e d i m e n t s  d e c r e a s e d  o v e r  t im e .  W e  f o u n d  the  a m o u n t  o f  o r g a n i c  
m a t t e r  ( O M )  in soil  s a m p l e s  to be a b o u t  1 0%  o f  the  o r g a n i c  level  o f  
s e d i m e n t s  f o u n d  on th e  pe r t i  d i s h e s  ( T a b l e  3 .3 ) .  V e r y  l ik e ly ,  e v e n  
les s  o f  the  o r ig i n a l  d e p o s i t e d  o r g a n i c s  ha d  b e c o m e  soil  c o m p o n e n t s ,  
b e c a u s e  soi l  o r g a n i c s  a l s o  o r i g i n a t e  f r o m  in s i tu  p r o d u c e s  roo t  
m a s s .  T h e  p e r c e n t  O M  o f  m a t e r i a l s  a c c u m u l a t e d  in on e  y e a r  o v e r  
m a r k e r  h o r i z o n s  ( C a h o o n  1 9 9 0 )  w e r e  ir. b e t w e e n  the  p e r c e n t  O M  
v a l u e s  o f  soil  and  the  r e c e n t l y  d e p o s i t e d  s e d i m e n t s .  T h e s e  d a t a  
s u g g e s t  tha t  the  d e p o s i t i o n  o f  o r g a n i c  m a t e r i a l s  to  t h e s e  m a r s h e s  is 
m a i n l y  lost  an d  has  l i t t l e  s i g n i f i c a n c e  to  e l e v a t i o n  ( N y m a n  and  
D e L a u n e  1990) .
T h e  r e s u l t s  o f  the  so i l  a n a l y s i s  s h o w e d  tha t  p h o s p h o r u s  w a s  
s i g n i f i c a n t l y  h i g h e r  in t h e  u n m a n a g e d  a r e a s  (pcO.OOOl)  a n d  
s i g n i f i c a n t l y  h i g h e r  at R o c k e f e l l e r  (p<  0 .0 1 ) .  W e  d id  not  f ind  
s i g n i f i c a n t  d i f f e r e n c e s  fo r  soi l  s o d i u m  a m o n g  the  d i f f e r e n t  s i t es .
P L A N T  P R O D U C T I V I T Y :  F ly n n  et al. ( 1 9 9 0 )  s tu d i e d  p r o d u c t i v i t y  o f
S p a r t i n a  p a t e n s . T h e y  r e p o r t e d  tha t  p r o d u c t i v i t y  w a s  h i g h e r  a t  
R o c k e f e l l e r  m a n a g e d  b u t  l o w e r  a t  F i n a  m a n a g e d  as  c o m p a r e d  to 
t h e  u n m a n a g e d  s i t e s .  T h e y  c o n c l u d e d  th a t  the  h i g h e r  p r o d u c t i v i t y  
at R o c k e f e l l e r  m a n a g e d  w a s  d u e  to  an e f f e c t i v e  d r a w  d o w n  w h i c h  
led  to  g r e a t e r  soil  o x i d a t io n  and  h i g h e r  E h  va lu e s .  T h e  o p p o s i t e  
w a s  t rue  at F i n a  m a n a g e d  w h e r e  the  so i l s  w e r e  m o r e  w a t e r l o g g e d  
a n d  r e d u c e d .
F I S H E R Y  C O M M U N I T I E S :  R o g e r s  e t  al. ( 1 9 9 2 )  s tu d i e d  the e f f e c t s  o f  
m a n a g e m e n t  on  f i s h e r y  c o m m u n i t i e s .  A t  F in a ,  m o r e  g r a s s  s h r i m p  
a n d  r e s i d e n t  m i n n o w s  ( l e a s t  k i l l i f i s h ,  w e s t e r n  m o s q u i t o  f i sh ,  a nd  
g o l d e n  to p  m i n n o w )  w e r e  c o l l e c t e d  in the  m a n a g e d  a re a ,  w h i l e  
m o r e  m a r i n e - t r a n s i e n t  o r g a n i s m s  ( g u l f  m e n h a d e n ,  b l u e  c r a b ,  a nd  
s t r i p e d  m u l l e t )  w e r e  c o l l e c t e d  in the  u n m a n a g e d  a rea .
CONCLUSIONS
In g e n e r a l  the  r e s u l t s  o f  th is  s tu d y  s h o w  tha t  m a r s h  m a n a g e m e n t  
s i g n i f i c a n t l y  r e d u c e d  w a t e r  a n d  m a t e r i a l s  e x c h a n g e  at bo th  
R o c k e f e l l e r  a n d  F in a .  S h o r t  t e r m  s e d i m e n t a t i o n  w a s  g e n e r a l l y  
h i g h e r  in the  u n m a n a g e d  a r e a s  and  at R o c k e f e l l e r .  T h e r e  w e r e  
a l s o  s i g n i f i c a n t  d i f f e r e n c e s  in soil  o r g a n i c  m a t t e r  and  soil  P 
b e t w e e n  m a n a g e d  a n d  u n m a n a g e d  s i t e s  a n d  b e t w e e n  R o c k e f e l l e r  
a n d  F ina .  T h e  r e d u c e d  s e d i m e n t  i n p u t  to  the  m a n a g e d  a r e a s  and  
r e d u c e d  s h o r t  t e r m  s e d i m e n t a t i o n  a r e  r e f l e c t e d  in l o n g e r  t e r m  
a c c r e t i o n  r a t e s  ( C a h o o n  1990 ) .
W e  c o n c l u d e d  f r o m  the  f lu x  s tu d i e s  p o s i t i v e  an d  n e g a t i v e  
i m p l i c a t i o n s  f o r  m a r s h  m a n a g e m e n t .  W e  f o u n d  th a t  s t r u c t u r e  
o p e r a t i o n  c o n v e r t s  m a n a g e d  a r e a s  to ne t  e x p o r t i n g  s y s t e m s .  O n e  
o f  the  g o a l s  o f  m a n a g e m e n t  is to l o w e r  s a l i n i t y  a nd  w e  s h o w e d  a 
ne t  e x p o r t  o f  salt  at bo th  F i n a  and  R o c k e f e l l e r .  D r a w  d o w n ,  o n e  o f  
t he  m o s t  i m p o r t a n t  m a n a g e m e n t  o p e r a t i o n s ,  is m o s t  e f f e c t i v e  
w h e n  c a r r i e d  ou t  d u r i n g  n o r th  w i n d s  w h e n  c o a s t a l  w a t e r  l e v e l s  a re
l o w ,  w h i c h  can  lead  to  a ne t  l o ss  o f  s e d i m e n t s  a n d  n u t r i e n t s .  
M a n a g e m e n t  m a y  l e a d  to  f r e s h e n i n g ,  a  p r o g r e s s i v e  s e d i m e n t  
d e f i c i t  an d  a lo ss  o f  f e r t i l i t y .  It  m u s t  be r e m e m b e r e d ,  h o w e v e r ,  
t h a t  t h e s e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  a t  o n l y  t w o  a r e a s  and  
d u r i n g  d r a w  d o w n  o p e r a t i o n .  F u r t h e r  s tu d y  s h o u l d  be  c a r r i e d  ou t  
f o r  a  w i d e r  v a r i e t y  o f  m a r s h  m a n a g e m e n t  p l a n s  u n d e r  d i f f e r e n t  
o p e r a t i o n a l  p h a s e s  b e f o r e  b r o a d  g e n e r a l i z a t i o n s  a r e  m a d e  
c o n c e r n i n g  s t r u c t u r a l  m a r s h  m a n a g e m e n t .
CHAPTER 4
H I G H  P R E C I S I O N  M E A S U R E M E N T S  O F  S E D I M E N T  E L E V A T I O N  
IN  S H A L L O W  C O A S T A L  A R E A S  U S I N G  A 
S E D I M E N T A T I O N - E R O S I O N  T A B L E
P r e v i o u s  p u b l i s h e d  as:
B o u m a n s ,  R. M .  J. and  J. W .  D a y  1993.  H i g h  p rec i s io n  
m e a s u r e m e n t s  o f  s e d i m e n t  e l e v a t i o n  in s h a l l o w  c o a s t a l  a r e a s  
u s i n g  a s e d i m e n t a t i o n - e r o s i o n  t a b l e .  E s t u a r i e s  16:  3 7 5 - 3 8 0 .
P r i n t e d  w i th  p e r m i s s i o n  of :
T h e  E s t u a r i e s  R e s e a r c h  F e d e r a t i o n
IN T R O D U C T IO N
S e d i m e n t  e l e v a t i o n s  in i n t e r  t ida l  a n d  s h a l l o w  s u b  t ida l  c o a s t a l  
a r e a s  a re  c o n s t a n t l y  c h a n g e d  by  s u c h  f a c t o r s  as  t id e s ,  s t o r m  
a c t i v i t y ,  s u b s i d e n c e  a n d  b i o t i c  a c t i v i t y .  A n n u a l  e l e v a t i o n  c h a n g e s  
in c o a s t a l  w e t l a n d s  r a n g e s  f r o m  les s  th a n  0 . 0 1  c m » y r -  ^ in s ta b le  
s e d i m e n t - s t a r v e d  a r e a s  to  a b o u t  5 c m ® y r ' l  in a r e a s  w i th  h igh  
s e d i m e n t a t i o n  r a t e s  ( L e t z s c h  a n d  F r e y  1980 ;  A n d e r s o n  et al.  1981 ;  
B a u m a n n  et  al. 1984 ;  R e j m a n e k  et al .  1988) .  T h e r e  a re  l o n g e r  
t e r m  c h a n g e s  in  sea  l eve l  tha t  l ea d  to  c h a n g e s  in t h e  s u r f a c e  
e l e v a t i o n  in s h a l l o w  c o a s t a l  a re a s .  F o r  the  las t  c e n t u r y  th e re  has  
b e e n  an a v e r a g e  e u s t a t i c  s e a  leve l  r i s e  o f  1-2 m m » y r ' l  ( G o r n i t z  e t  
al. 1982) .  In c o a s t a l  a r e a s  w i th  h ig h  s u b s i d e n c e  r a t e s ,  s u c h  as  the  
M i s s i s s i p p i  d e l t a ,  r e l a t i v e  sea  l eve l  r i s e  c a n  e x c e e d  on  cm®yr~ 1 
( B a u m a n n  et  al.  1984) .  C o a s t a l  w e t l a n d s  m u s t  g r o w  v e r t i c a l l y  at 
the  s a m e  r a t e  as  loca l  w a t e r - l e v e l  r i s e  i f  t h e y  a re  to  s u r v i v e  o v e r  
the  lo n g  t e rm .
P r e c i s e  m e t h o d s  f o r  m e a s u r i n g  t h e s e  c h a n g e s  in the  e l e v a t i o n  o f  
the  s e d i m e n t  s u r f a c e  a r e  n e c e s s a r y  to  d e t e r m i n e  the  r a t e s  o f  
e l e v a t i o n  c h a n g e  a n d  to  g a in  an  u n d e r s t a n d i n g  o f  the  p r o c e s s e s  
r e s p o n s i b l e  fo r  the  c h a n g e s .  M e t h o d s  w h i c h  h a v e  b e e n  u s e d  to 
s tu d y  th es e  c h a n g e s  i n c l u d e  r a d i o  t r a c e r s  such  as  137C s  ( D e L a u n e  
et  al. 1978 ) ,  m a r k e r  h o r i z o n s  ( L e t z s c h  a n d  F r e y  1980 ;  C a h o o n  an d  
T u r n e r  1989 ) ,  r a r e  e a r t h  h o r i z o n s  ( K n a u s  a n d  G e n t  1987 ) ,  
s e d i m e n t a t i o n  p i n s  ( L e t z s c h  a n d  F r e y  1980 ;  P e t h i c k  a n d  R e e d
19 8 7 ) ,  a n d  p r e c i s i o n  s u r v e y i n g  ( A n d e r s o n  et  al.  1981 ) .  T h e s e  
m e t h o d s  h a v e  s e v e r a l  l i m i t a t i o n s  a n d  the  a c c u r a c y  o f  m o s t  o f  t h e m  
h a s  n o t  b e e n  d e t e r m i n e d .
M a r k e r  h o r i z o n s  a r e  n o t  s t a b l e  r e f e r e n c e  p o i n t s  a n d  t h e r e f o r e  
g e n e r a l l y  no t  u s e f u l  to  m e a s u r e  e l e v a t i o n  c h a n g e  ( B a u m a n n  an d  
A d a m s  1981;  C a h o o n  a n d  T u r n e r  1989) .  E r o s io n  p in s  m e a s u r e  
s e d i m e n t a t i o n  a n d  e r o s i o n ,  bu t  the  p in s  a re  v e r y  s e n s i t i v e  to
d i s t u r b a n c e .  S t a k e s  a n d  r o d s  h a v e  b e e n  u s e d  to  m e a s u r e  e l e v a t i o n  
c h a n g e s  at l ea s t  s i n c e  1 9 4 9  ( H a r b o r d  1949;  P e s t r o n g  1965;  R e e d
1 9 8 8 )  b u t  the  a c c u r a c y  h a s  n o t  b e e n  r e p o r t e d .  P r e c i s i o n  s u r v e y i n g  
c a n  p r o v i d e  e l e v a t i o n  c h a n g e .  ( A n d e r s o n  e t  al.  1 9 8 1 )  c o m p a r e d  
th e  m e a n s  o f  93 p o i n t s  on  i n t e r  t id a l  m u d  f la t s  s u r v e y e d  tw i c e  
w i t h in  a t w o  d a y  p e r i o d ,  an d  c a l c u l a t e d  a  9 5 %  c o n f i d e n c e  in te r v a l  
(C . I )  o f  ±  0.3 c m .  T h e  m e t h o d  w o u l d  l ik e ly  be  m u c h  less  a c c u r a t e  
in w e t l a n d s  a n d  s u b  t id a l  a r e a s  w h e r e  the  d e t e r m i n a t i o n  o f  the  
s u r f a c e  w o u l d  be  m u c h  m o r e  d i f f i c u l t .
In th is  p a p e r  w e  r e p o r t  on  the  u se  o f  a s e d i m e n t a t i o n - e r o s i o n  
t a b l e  ( S E T ,  F i g u r e  4 .1 ) ,  a  n o n - d e s t r u c t i v e  m e t h o d  f o r  p r e c i s e l y  
m e a s u r i n g  e l e v a t i o n  o f  i n t e r  t idal  a n d  s u b  t ida l  w e t l a n d s  o v e r  lo n g  
p e r io d s .  O u r  d e s ig n  is d e r i v e d  f r o m  the S E T  used  by  ( S c h o o t  a nd  
J o n g  1982) ,  w h o  r e p o r t e d  a s t a n d a r d  e r r o r  o f  0 .0 8  c m  w i th  a 9 5 %  
C.I  o f  ± 0 .4 5  c m .  In this  p a p e r  w e  d e s c r i b e  the  p r e c i s io n  o f  a m o r e  
v e r s a t i l e  S E T  fo r  u se  in a w i d e r  v a r i e t y  o f  e n v i r o n m e n t s .
M ETHODS
S T R U C T U R E  O F  T H E  S E D I M E N T A T I O N - E R O S I O N  T A B L E :  T h e  S E T  
h a s  a s u p p o r t i n g  a l u m i n u m  b a s e  p i p e  ( 1 0  c m  d i a m e t e r ,  1 m m  wal l  
t h i c k n e s s )  p l a c e d  p e r m a n e n t l y  a t  e a c h  s i te  w h i c h  is d e s i g n e d  to 
r e c e i v e  the  u p p e r  p o r t a b l e  pa r t  o f  the  S E T  ( F ig u r e  4 .1 ) .  T h i s  c o re  
p i p e  w a s  d r iv e n  in to  the  soil  to  r e f u s a l  w i th  e i t h e r  a v i b r a c o r e r  or  
a h a n d - h e l d  pi le  d r i v e r  as  n e a r  to ve r t i ca l  as p o s s ib l e .  T h e  c o re  
p ip e  w a s  then  cu t  o f f  a f e w  c m  a b o v e  the  s e d i m e n t  s u r f a c e  and  
f i l l e d  to  w i t h in  a m e t e r  o f  the  s u r f a c e  w i th  q u i c k - s e t t i n g  c e m e n t .  
T h e  e l e v a t i o n  o f  the top  o f  the  p i p e  a f t e r  c u t t i n g  wil l  v a ry  
d e p e n d i n g  on  w a t e r  d e p t h  at the  s i te  a n d  the  t idal  r a n g e .
N e x t  an  a l u m i n u m  b a s e  s u p p o r t  p i p e  ( d i a m e t e r  7 c m ,  l e n g t h  6 0  
c m ,  w a l l  t h i c k n e s s  3 m m )  w a s  c e m e n t e d  i n to  the  t o p  o f  the  c o re  
p ipe  w i th  m o r t a r  m ix .  N o  c e m e n t  w a s  p l a c e d  i n s id e  the  to p  3 0  c m  
o f  the  b a se  s u p p o r t  p ipe  to  a l l o w  the  p o r t a b l e  par t  o f  the  S E T  to be
i n s e r t e d .  T h e  s u p p o r t  p i p e  e x t e n d e d  a b o u t  5 c m  a b o v e  the  c o r e  
p i p e  a nd  w a s  l e v e l e d  to  v e r t i ca l .  T h e  p o r t a b l e  p a r t  o f  the  S E T  has  
f o u r  c o m p o n e n t s :  a v e r t i c a l  a r m ,  a h o r i z o n t a l  a r m ,  a f la t  p l a t e  or  
t ab l e ,  and  n i n e  p ins .  T h e  ve r t i ca l  a r m  f i ts  25  c m  i n to  the  b a se
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v e r t i c a l  a r m
h o l e s
2 5 . 5  c m
C o l l a r s
2 8  c m
bubble  l e v e l  Pi ns
l o c k i n g - s c r e w
h o r i z o n t a l  a r m Tabl e  p a r t
do ubl e  t r e a d e d  a d j u s t m e n t  
s c r e w
Col lar
□  D L J5 0  c m
. b a s e  
I I c o r e  pipe
M e a s u r i n g  pin
v e r t i c a l  a r m i #  
1
s t o p p e r
b a s e  
s u p p o r t  pipe
f l o a t  
( p v c  f o a m )
c o r e  pipe
F i g u r e  4.1 O v e r v i e w  o f  the  S e d i m e n t  E r o s io n  T a b l e  ( S .E .T . ) .
6 9
s u p p o r t  p i p e  a n d  m e a s u r e m e n t s  c a n  be  m a d e  in f o u r  d i f f e r e n t  
d i r e c t i o n s .  A h o r i z o n t a l  p in  f i ts  i n to  n o t c h e s  in the  b a s e  s u p p o r t  
p i p e  so  tha t  the  f o u r  p o s i t i o n s  a re  a l w a y s  in the  s a m e  p lac e .
T h e  h o r iz o n ta l  a rm  o f  the  S E T  can  be  l e v e l e d  in t w o  p l an e s .  It 
a t t a c h e s  to the  ve r t i ca l  a r m  w i th  a pin at  the  p i v o t  po in t .  T h i s  
p iv o t  p o i n t  a l l o w s  the  a r m  to be  l e v e l e d  u p  o r  d o w n  wi th  a d o u b l e  
t h r e a d e d  a d j u s t m e n t  s c r e w .  T h e  h o r i z o n t a l  a r m  c a n  be l e v e l e d  
f r o m  s id e  to  s ide  by r o t a t i n g  the  a r m  in the  t w o  c o l l a r s  and  
t i g h t e n e d  w i th  s c r e w s .  A  b u b b l e  l eve l  d e t e r m i n e s  w h e n  the  
h o r i z o n t a l  a rm  is l eve l  in bo th  p l a n e s .  W h e n  l e v e l e d ,  the  t ab l e  on 
the  e n d  o f  the  h o r i z o n t a l  a r m  p r o v i d e s  a c o n s t a n t  r e f e r e n c e  p l a n e  
in s p a ce .
T h e  p la te  m e a s u r e s  255  m m  x 2 8 0  m m .  T h e  d i s t a n c e  to the
s e d i m e n t  s u r f a c e  is m e a s u r e d  w i th  n i n e  p i n s  p a s s i n g  t h r o u g h  h o l e s
in the  t ab le .  T h e  ho les  w e r e  d r i l l e d  in a  s q u a re  d e s ig n  (3 x 3 )  and  
75 m m  apa r t .  T h e  n u m b e r  o f  p in s  a l l o w s  f o r  an e q u a l  n u m b e r  o f  
r e p l i c a t e  m e a s u r e m e n t s .  T h e  t a b l e  h a s  t h r e e  s e p a r a t e  p l a t e s  w i th  
n i n e  h o l e s  in e a c h  p la te .  T h e  u p p e r  an d  l o w e r  p la te s  a re  f ix e d  an d  
the  m i d d l e  p la te  can  be  m o v e d  b a c k  an d  fo r th .  T h i s  m o v e m e n t  is 
c o n t r o l l e d  by  the  o p e r a t o r ,  w h o  u s e s  the  l o c k i n g  s c r e w  at the  n o n ­
tab le  e n d  o f  the  S E T .  T h i s  p a r t i c u l a r  s c r e w  is a t t a c h e d  to a 
t h r e a d e d  r o d ,  w h i c h  r u n s  t h r o u g h  the  h o r i z o n t a l  a rm  to the  m i d d l e  
p la te .  D e t a i l e d  s p e c i f i c a t i o n s  o f  the  S E T  a re  a v a i l a b l e  f r o m  the  
a u t h o r s .
S I T E  P R E P A R A T I O N :  B e f o re  in s ta l l a t ion  o f  the S E T ,  the  si te  w as
p r e p a r e d  so  that  d i s t u r b a n c e  o f  the  a r e a  w a s  m i n i m i z e d .  At  e a ch
si te  p l a t f o r m s  w e r e  bu i l t  c o n s i s t i n g  o f  t r e a t e d  b o a r d s  ( 2 " x l 2 "x 8 ')
on  s u p p o r t s  p e r m a n e n t l y  a t t a c h e d  to  t r e a t e d  p o s t s .  A m o v a b l e  
b o a rd  w a s  b r o u g h t  to  the  s i te  an d  u sed  fo r  S E T  in s t a l l a t i o n  an d  
m e a s u r e m e n t .  F o r  all  i n s t a l l a t i o n  a n d  m e a s u r e m e n t  a c t i v i t i e s ,  the  
s i te  w a s  a p p r o a c h e d  v ia  the  s a m e  c o r n e r  o f  the  p l a t f o r m  an d  all 
m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  f r o m  the  p l a t f o r m s .
O P E R A T I O N :  T o  o p e r a t e  the  S E T ,  the  ve r t i ca l  a r m  is set  in to  the 
b a s e  s u p p o r t  p ip e  so  th a t  t h e  h o r i z o n t a l  p in  f i ts  i n to  t h e  n o t c h e s .  
T h e  p l a t e s  a re  l ined  up  to  i n se r t  the  p in s ,  th e n  by  m o v i n g  the 
m i d d l e  p l a t e  s l i g h t ly ,  r u b b e r  o - r i n g s  i n s e r t e d  in the  m i d d l e  p l a t e  
s e c u r e  the  p in s  in p o s i t i o n  to  a l l o w  the  t ab l e  to  be  l e v e l e d  in tw o  
d i r e c t i o n s .  A f t e r  l e v e l i n g ,  t h e  p i n s  a re  u n l o c k e d  a n d  l o w e r e d  unt i l  
t h e y  j u s t  t o u c h  th e  s e d i m e n t  s u r f a c e .  T h e  p in s  c a n  be  l o w e r e d  
d i f f e r e n t l y  d e p e n d i n g  on  w h e t h e r  t h e  s i te  is c o v e r e d  by  w a t e r  or  
no t .  W h e n  th e re  is n o  w a t e r ,  t he  l o c k i n g  s c r e w  is l o o s e n e d  s l igh t ly  
a n d  the p in s  a re  l o w e r e d  m a n u a l l y  un t i l  t h e y  j u s t  t o u c h  the 
s e d i m e n t  su r f a c e .  W h e n  the  s i te  is c o v e r e d  by  w a t e r ,  the  l o c k i n g  
s c r e w  is l o o s e n e d  unt i l  t he  p in s  s l ide  d o w n  u n d e r  t h e  i n f l u e n c e  o f  
g r a v i t y  an d  c o m e  to r es t  on the  s e d i m e n t  su r f a c e .  F la t  " fee t"  wi th  
a d i a m e t e r  o f  5 c m  ( s u r f a c e  a re a  = 19.6 c m - )  an d  p v c  s p o n g e  f l o a t s  
a re  a t t a c h e d  to the  b o t t o m s .  T h e s e  f lo a t s  r e t a r d  f a l l in g  s p e e d  
t h r o u g h  the  w a t e r  c o l u m n .  T h e  c o m b i n a t i o n  o f  a pin a n d  a fo o t  has  
an  a v e r a g e  w e i g h t  o f  176  g, T h e  m a n u f a c t u r e r  s p e c i f i e d  b u o y a n c y  
o f  the  f loa t s  is 92  g. T h e r e f o r e ,  the  f loa t s  p r o v i d e  a r e d u c t i o n  o f
a
p e n e t r a t i o n  p o t e n t i a l  f r o m  a p p r o x i m a t e l y  9 .0  to  4 . 2  g / c m ~ .  A f t e r  
the  p in s  sit on  the  s e d i m e n t  su r f a c e ,  they  a re  l o c k e d  in p l a c e  by 
t i g h t e n i n g  the  l o c k i n g  s c r e w .  T h e  l e n g th  o f  e a c h  p in  a b o v e  the  
t ab le  is m e a s u r e d  w i th  a r u l e r  to the  n e a r e s t  m m .  T h i s  p r o c e d u r e  
is r e p e a t e d  fo r  e a c h  o f  the  f o u r  d i r e c t i o n s  to  y i e ld  a m a x i m u m  o f  
3 6  e l e v a t i o n  m e a s u r e m e n t s  at e a c h  s i te .
S T U D Y  S I T E S :  W e  used  S E T  to m e a s u r e  e l e v a t i o n s  at c o a s t a l  a reas
in G e o r g i a  an d  L o u i s i a n a .  F iv e  s i t es  w e r e  in S p a r t i n a  a l t e r n i f l o r a  
m a r s h e s  a n d  m u d  f la t s  on  the  s o u n d  s ide  o f  C u m b e r l a n d  I s l a nd ,  
G e o r g i a .  F o u r  s i t es  w e r e  a l s o  e s t a b l i s h e d  in s h a l l o w  s u b  t idal  
p o n d s  and  m u d  f la t s  in a low  s a l in i ty  w e t l a n d  a r e a  so u th  o f  L a k e  
P o n t c h a r t r a i n ,  L o u i s i a n a .  D o m i n a n t  m a r s h  v e g e t a t i o n  is S p a r t i n a  
p a t e n s . T h e  G e o r g i a  l o ca t ion  is a s tab le  c o a s t  w h i l e  the L o u i s i a n a  
l o c a t io n  is s u b s i d i n g  r a p i d l y  ( B a u m a n n  et al. 1984;  B i rd  1985) .
T h e  G e o r g i a  s i t es  w e r e  n e v e r  f l o o d e d  w h e n  m e a s u r e d  an d  the  p in s
w e r e  l o w e r e d  m a n u a l l y .  T h e  s i t e s  in L o u i s i a n a  w e r e  f l o o d e d  
d u r i n g  m e a s u r e m e n t s  a n d  f lo a t s  a n d  f e e t  w e r e  a l w a y s  a t t a c h e d  to 
t he  p i n s  w h i c h  w e r e  l o w e r e d  by  r e l e a s i n g  the  l o c k i n g  s c r e w .
S E N S I T I V I T Y  A N A L Y S I S :  M e a s u r e m e n t s  to e s t i m a t e  the  p r e c i s io n  
o f  the  S E T  w e r e  c a r r i e d  ou t  in G e o r g i a  in J a n u a r y ,  1991 a nd  in 
L o u i s i a n a  in F e b r u a r y ,  1991 .  T o  e s t i m a t e  the  s t a n d a r d  e r r o r s  fo r  
c o r n e r s  w e  u s e d  a c o m p l e t e  r a n d o m i z e d  d e s i g n  ( C R D )  n e s t e d  w i th  
r e p l i c a t e s ,  s a m p l e s ,  a n d  r e p e a t e d  m e a s u r e s  in t i m e  ( d u p l i c a t e s ) .  
C o r n e r s  o f  the  s i t e s  w e r e  m e a s u r e d  t w i c e  ( F i g u r e  4 .2 ) .  B e t w e e n  
d u p l i c a t e s  w e  to o k  the  t a b l e  o f f  the  s t a t i o n a r y  p ip e ,  r e a s s e m b l e d  
an d  r e - l e v e l e d  it. W e  a s s u m e d  e l e v a t i o n s  o f  the  s e d i m e n t  s u r f a c e  
d id  not  c h a n g e  b e t w e e n  d u p l i c a t e s .  T r e a t m e n t  w a s  s i te ;  r e p l i c a t e s  
w e r e  c o r n e r s  at e a c h  s ite ,  the  s a m p l e s  w e r e  the  n i n e  p in s  in e a c h  
c o r n e r ,  an d  the  r e s p o n s e  w a s  the  h e ig h t  o f  e a c h  p in  a b o v e  the  
tab le .  T h e  p r e c i s io n  c a l c u l a t e d  is d e f i n e d  as  the  c o n f i d e n c e  
i n t e r v a l  fo r  a 9 p in  m e a s u r e m e n t .
T o  tes t  the  h y p o t h e s i s  t h a t  L o u i s i a n a  a nd  G e o r g i a  h a d  the  s a m e  
d i f f e r e n c e  in h e ig h t  b e t w e e n  d u p l i c a t e s .  W e  used  a C R D  wi th  
r e p l i c a t e s  an d  s a m p l e s .  T h e  t r e a t m e n t s  w e r e  l o c a t i o n s ,  r e p l i c a t e s  
w e r e  c o r n e r s ,  the  s a m p l e s  w e r e  p in s ,  a nd  the  r e s p o n s e  w a s  the  
d i f f e r e n c e  b e t w e e n  d u p l i c a t e  m e a s u r e m e n t s  f o r  e a c h  p in .  W e  
e s t i m a t e d  the  a v e r a g e  d i f f e r e n c e  in h e i g h t  fo r  the  l o c a t i o n s  in 
G e o r g i a  a n d  L o u i s i a n a  a n d  t e s t e d  w h e t h e r  the  m e a n  d i f f e r e n c e  w a s  
e q u a l  to  0  in e a c h  c ase .  W e  p e r f o r m e d  th is  t es t  b e c a u s e  p ins  w e r e  
l o w e r e d  m a n u a l l y  in G e o r g i a  a n d  by  g r a v i t y  in L o u i s i a n a .
R E S U L T S  A N D  D ISC U SS IO N
T h e  S E T  is the  m o s t  p r e c i s e  m e t h o d  w e  k n o w  o f  to m e a s u r e  
e l e v a t i o n  c h a n g e s  in s h a l l o w  c o a s t a l  e n v i r o n m e n t s .  T h e  m e t h o d  
a l l o w s  fo r  i m p r o v e d  e s t i m a t e s  o f  e l e v a t i o n  c h a n g e s  as  c o m p a r e d  
w i th  the  m e t h o d s  m e n t i o n e d  in the  i n t r o d u c t i o n .  T h e  s t a n d a r d  
e r r o r  o f  a c o r n e r  (a n ine  pin m e a s u r e m e n t )  w a s  0 .0 8  c m .  T h e  95%
C l  f o r  a 9 p in  m e a s u r e m e n t  w a s  ±  0 .1 5  c m .  T h e  m e t h o d  o f  
l o w e r i n g  th e  p i n s  by  g r a v i t a t i o n  a f f e c t e d  the  s e d i m e n t  s u r f a c e .
T h e  e l e v a t i o n  in the  s e c o n d  set  o f  m e a s u r e m e n t s  in L o u i s i a n a  w a s  
0 .2 5  c m  l o w e r  t h a n  in the  f i r s t  m e a s u r e m e n t s ,  w h i l e  fo r  G e o r g i a  
th is  v a lu e  w a s  0 .001 c m  ( F i g u r e  4 .2 ) .  T h e  9 5 %  C l  fo r  these  
e s t i m a t e s  w a s  ± 0 . 0 4  c m , .  T h e  d i s t u r b a n c e  o f  the  s e d i m e n t  s u r f a c e  
b y  p e n e t r a t i o n  n e e d s  to  b e  s tu d i e d  m o r e  in o r d e r  to  e s t i m a t e  it 's 
i n f l u e n c e  on  the  e l e v a t i o n  c h a n g e s  o v e r  l o n g e r  p e r i o d s  o f  t im e .  It
0 . 4 -
0 .3  -





- 0 . 2  4
- 0 .3  -
- 0 .4 - "T mal   I " i "* r~  i 1 r
1 2 1 2  1 2  1 2  1 
G e o r g i a  s i t e s
-j 1---- ?-------- 1------1---------1------ 1----- r
1 2  1 2  1 2 1 2
L o u i s i a n a  s i t e s
M a r s h  h a b i t a t I n t e r t i d a l S u b t i d a l I n t e r t i d a l
F i g u r e  4 .2  D i v e r g e n c e  f r o m  the  d u p l i c a t e  m e a n  o f  36  p i n s  for  
r e p e a t e d  m e a s u r e m e n t  o f  e l e v a t i o n  o f  m a r s h  a n d  i n t e r  t id a l  
h a b i t a t s  in G e o r g i a  a n d  L o u i s i a n a .  A n  o p e n  s q u a r e  is the  
d i v e r g e n c e  f r o m  the  m e a n  o f  the  f i r s t  m e a s u r e m e n t  a n d  a d a r k  
s q u a r e  is f o r  the  r e p e a t e d  m e a s u r e m e n t s .  V e r t i c a l  ba r s  a re  
s t a n d a r d  e r r o r s .
is p r o b a b l e  tha t  the  c o m p r e s s i o n  o f  the  s e d i m e n t  s u r f a c e  by  the  
f ee t  wil l  no t  be p r e s e r v e d  f o r  a v e r y  l o n g  t im e ,  as  the  p r o c e s s e s  of  
s e d i m e n t a t i o n  a n d  e r o s i o n  t e n d s  to  e v e n  o u t  t h e s e  s m a l l  e l e v a t i o n  
d i f f e r e n c e s .
W h e n  m o n i t o r i n g  s e d i m e n t a t i o n  a n d  e r o s i o n  o f  t h e  s e d i m e n t  
s u r f a c e ,  it is i m p o r t a n t  t o  d e f i n e  c l e a r l y  h o w  th e  s e d i m e n t  s u r f a c e  
is d e t e r m i n e d .  W i t h  s o m e  s e d i m e n t s ,  s u c h  as  s a n d y  i n t e r  t idal  
f la t s ,  the  s u r f a c e  is v e ry  d i s t i n c t .  F o r  o t h e r  s u r f a c e s ,  it is m o r e  
d i f f i c u l t  to  a c c u r a t e l y  d e t e r m i n e  o r  r e a c h  the  i n t e r f a c e  s u c h  as  so f t  
f lu id  m u d s ,  o r g a n i c  m u c k s ,  an d  f l o a t i n g  m a r s h e s .  T h e  b o t t o m  o f  
th e  b a s e  s u p p o r t  p ip e  is a s s u m e d  to  be s t a b l e  a n d  is u s e d  as  the 
b e n c h  m a r k .  T o  c a l c u l a t e  e l e v a t i o n  c h a n g e ,  a n y  m o v e m e n t  in the  
b a s e  s u p p o r t  p ipe  s u c h  as g e o l o g i c a l  d o w n  w a r p i n g  has  to be 
a c c o u n t e d  f o r  s e p a r a t e l y .
T h e  S E T  m e t h o d  is bes t  u s e d  w i th in  a h i e r a r c h i c a l  s ta t i s t i c a l  
s t r u c tu r e .  E a c h  s i t e  l o c a t i o n  wil l  r e p r e s e n t  an  e x p e r i m e n t a l  un i t s  
w i th  f o u r  s a m p l e s .  E a c h  s a m p l e  is the  a v e r a g e  o f  n i n e  s u b  
s a m p l e s .  A n  h y p o t h e s i s  is  t e s t e d  by  c o m p a r i n g  r a n d o m l y  p l a c e d  
s i t e s  in a r e a s  d e f i n e d  by the  ini t ia l  r e s e a r c h  q u e s t i o n .  W e  a re  
p r e s e n t l y  u s in g  the  S E T  to  m e a s u r e  d i f f e r e n c e s  in e l e v a t i o n  
c h a n g e s  a l o n g  a n u m b e r  o f  g r a d i e n t s .  T h e s e  i n c l u d e  f r o m  the e d g e  
o f  the  t ida l  s t r e a m  to i n t e r i o r  m a r s h e s  l o c a t e d  at d i f f e r e n t  
d i s t a n c e s  f r o m  a t idal  in le t ,  an d  e i t h e r  s ide  o f  a w a v e  d a m p e n i n g  
s t r u c t u r e .
C h a n g e s  in the  o r ig in a l  d e s i g n  o f  S c h o o t  an d  J o n g  ( 1 9 8 2 )  w e r e  
m a i n l y  s c a l e  e n l a r g e m e n t s .  T o  m e a s u r e  e l e v a t i o n s  u n d e r  w a t e r  
a n d  in m a r s h e s  w i th  h ig h  v e g e t a t i o n ,  the  d i s t a n c e  b e t w e e n  the 
t a b l e  a n d  the  s e d i m e n t  s u r f a c e  w a s  i n c r e a s e d  by  a p p r o x i m a t e l y  a 
f a c t o r  o f  3. T o  d i m i n i s h  d i s t u r b a n c e  in the  m e a s u r e m e n t  a re a ,  the 
d i s t a n c e  f r o m  the  s t a t i o n a r y  p i p e  to  the  m e a s u r i n g  a r e a  w a s  
i n c r e a s e d  by  2 .8  t im e s .  T h e  i n t r o d u c t i o n  o f  the  t r ip le  p l a t e  d e s i g n  
e n a b l e s  the  r e s e a r c h e r  to  l o w e r  the  p i n s  w h e n  the  s e d i m e n t  
s u r f a c e  is no t  v i s ib l e  (i .e.  w h e n  it is f lo o d e d ) .  In m a r s h  a re a s ,  it is
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n e c e s s a r y  to  g u i d e  the  p i n s  m a n u a l l y  to a v o i d  i n t e r f e r e n c e  o f  the  
v e g e t a t i o n  a n d  to d e f i n e  the  soil  s u r f a c e  v i s u a l ly .  T o  e n a b l e  the 
t a b l e  to  b e  l e v e l e d  w h i l e  s t a n d i n g  a t  the  s t a t i o n a r y  b a s e ,  the  
l e v e l i n g  b u b b l e  w a s  p l a c e d  o n e - t h i r d  t h e  d i s t a n c e  b e t w e e n  the  
p i v o t  p o in t  an d  the  t a b l e  r a t h e r  th a n  at  the  t ab le .  T h i s ,  in a d d i t i o n  
to  t h e  l e n g t h e n i n g  o f  t h e  h o r i z o n t a l  a r m ,  i n c r e a s e d  th e  e r r o r  
i n t r o d u c e d  by  l e v e l in g .  E v e n  t h o u g h  w e  u s e d  a l u m i n u m  i n s t e a d  o f  
s t a i n l e s s  s tee l ,  the  e n l a r g e m e n t  o f  t h e  d e s i g n  i n c r e a s e d  the  w e i g h t  
o f  the  S E T .  T h e  a d d e d  w e i g h t  d e m a n d e d  a  s tu r d i e r  s u p p o r t  b a se ,  
w h i c h  p r o v e d  to be l a b o r - i n t e n s i v e  to  in s t a l l .  T h e  n e w  s u p p o r t  
b a s e  s t r u c t u r e s  a re  p e r m a n e n t  an d  f u n c t i o n  as  b e n c h m a r k s  fo r  
sh o r t  as  wel l  as  lo n g  t e r m  s tud ie s .
O u r  S E T  w a s  m a n u f a c t u r e d  at a local  c o m m e r c i a l  m a c h i n e  s h op ,
a n d  to o k  a b o u t  t w o  w e e k s  to  bu i ld .  T h e  tota l  p r ice  w a s  $ 1 6 0 0 .
S i t e  i n s t a l l a t i o n  c o s t s  a p p r o x i m a t e l y  $ 1 0 0 ,  e x c l u d i n g  l a b o r  an d  
t ra ve l  c o s t s ,  and  t a k e s  a b o u t  1.5 h o u r s  ( w i th  s o m e  e x p e r i e n c e ) .  A 
o n e  s i te  r e a d i n g  t a k e s  a p p r o x i m a t e l y  4 0  m i n u t e s .
T h e  S E T  m e t h o d ,  as  d e s c r i b e d  in th is  s t u d y  is l im i t e d  to e x p o s e d
a n d  s h a l l o w  w a t e r  a r e a s  w i th  s u r f a c e s  w h i c h  a re  r e a s o n a b l e  to  
r e a c h .  S u r f a c e s  d i f f i c u l t  to  r e a c h  i n c l u d e  t h o s e  c o v e r e d  by  d e n s e  
b e d s  o f  v e g e t a t i o n ,  shel l  r e e f s  and  t h o s e  tha t  are  too  d e e p .  W e  
b e l i e v e  th a t  th is  t e c h n i q u e  is l im i t e d  to  w a t e r  d e p t h s  o f  less  than  
a p p r o x i m a t e l y  0 .5  m.
T h e  S E T  wi l l  a l l o w  m o r e  a c c u r a t e  m e a s u r e m e n t  o f  s u r f a c e  
e l e v a t i o n  c h a n g e s  c o m p a r e d  to  o t h e r  m e t h o d s  th is  wil l  l ead  to 
m o r e  r a p i d  d e t e r m i n a t i o n  o f  r a t e s  o f  c h a n g e s  as  we l l  as  a b e t t e r  
u n d e r s t a n d i n g  o f  the  p r o c e s s e s  c a u s i n g  c h a n g e .  F o r  e x a m p l e ,  use  
o f  the  S E T  s h o u ld  a l l o w  a m o r e  r a p i d  d e t e r m i n a t i o n  o f  w e a t h e r  
c o a s t a l  m a r s h e s  a re  m a i n t a i n i n g  t h e i r  e l e v a t i o n  w i t h  r e s p e c t  to  sea  
l eve l  r is e .  C u r r e n t  e u s t a t i c  s ea  l eve l  r is e  is e s t i m a t e d  at b e t w e e n  
l - 2 m m » y ' l  ( G o r n i t z  e t  al .  1982) .  W i t h  the  S E T ,  a s u r f a c e  
e l e v a t i o n  c h a n g e  by th i s  m a g n i t u d e  w o u l d  be  d e t e r m i n e d  in less
t h a n  5 y.  B y  c o m p a r i s o n ,  p r e c i s i o n  s u r v e y i n g  w o u l d  r e q u i r e  on the  
o r d e r  o f  10 -20  y. L i k e w i s e ,  i n d i v i d u a l  s t o r m  e v e n t s  h a v e  b e e n  
p o s t u l a t e d  as  v e r y  i m p o r t a n t  in c a u s i n g  a c c r e t i o n  in c o a s t a l  
m a r s h e s  ( B a u m a n n  et  al. 1984;  R e e d  1989) .  T h e  S E T  c o u l d  
d e t e r m i n e  a c c r e t i o n  o f  a f e w  m m  d u e  to  d e p o s i t i o n  d u r i n g  a  s to r m  
e v e n t .
CO NCLUSION
T h e  S E T  is p r e c i s e  to  w i th in  a  1.5 m i l l i m e t e r  r a n g e ,  a n d  a c c u r a c y  is 
d i f f e r e n t  i f  the  p in s  a re  l o w e r e d  m a n u a l l y  o r  b y  g rav i ty .  T h e  S E T  
c a n  be  u se d  to m e a s u r e  the  e l e v a t i o n s  o f  a r e a s  less  than  0.5  m  in 
w a t e r  d e p th .  O n c e  in s t a l l e d ,  s i t es  c a n  b e  m e a s u r e d  o v e r  a l o n g  
p e r i o d  o f  t im e .
CHAPTER 5
T H E  E F F E C T  O F  IN T E R  T I D A L  S E D I M E N T  F E N C E S  O N  W E T L A N D  
S U R F A C E  E L E V A T IO N ,  W A V E  E N E R G Y  A N D  V E G E T A T I O N  
E S T A B L I S H M E N T  IN  T W O  L O U I S I A N A  
C O A S T A L  M A R S H E S
IN T R O D U C T IO N
C o a s t a l  w e t l a n d s  a re  b e i n g  l o s t  t h r o u g h  c o n v e r s i o n  to  o p e n  w a t e r  
in m a n y  e s t u a r i e s  and  d e l t a s .  T h i s  p r o b l e m  is p a r t i c u l a r l y  s e v e r e  
in the  c o a s t a l  w e t l a n d s  b u i l t  by  the  M i s s i s s i p p i  R i v e r  in L o u i s i a n a  
( P e n l a n d  et  al.  1990;  E v e r s  e t  al.  1992) .  L o s s  r a t e s  as  h ig h  as  100 
k m 2 p e r  y e a r  h a v e  b e e n  d o c u m e n t e d  d u r i n g  the  p a s t  s ix  d e c a d e s  
l a r g e l y  d u e  to  the  a c c e l e r a t i o n  o f  n a tu r a l  w e t l a n d  d e g r a d a t i o n  
p r o c e s s e s  by  m a n ' s  a c t i v i t i e s  ( C r a i g  e t  al.  1979 ;  G a g l i a n o  e t  al.
1981 ;  B a u m a n n  an d  D e L a u n e  1982 ;  T u r n e r  a n d  C a h o o n  1987) .  
R e c e n t l y ,  the  M i s s i s s i p p i  R i v e r  d e l t a  w e t l a n d s  h a v e  b e c o m e  the 
f o c u s  o f  a m a j o r  r e s t o r a t i o n  e f f o r t  ( L o u i s i a n a  1993) .
In te r  t idal  b r u s h  f e n c e s  m o d e l e d  a f t e r  t h o s e  u s e d  f o r  the  last  
c e n t u r y  in T h e  N e t h e r l a n d s  ( K a m p s  1962;  G l o p p e r  1981 ;
B o u w e r s m a  e t  al.  1 9 8 6 )  h a v e  b e e n  d e p l o y e d  e x p e r i m e n t a l l y  in 
m o r e  than  5 0  lo c a t io n s .  T h e y  h a v e  b e e n  c o n s t r u c t e d  p r i m a r i l y  by  
v o l u n t e e r  l a b o r  to  p r o t e c t  e r o d i n g  m a r s h  s h o r e l i n e s ,  r e t a in  
r e s u s p e n d e d  s e d i m e n t s  a n d  p r o m o t e  v e g e t a t i o n  d e v e l o p m e n t .  In 
a v a r i a t i o n  on  the  D u tc h  m o d e l ,  t h e s e  f e n c e s  are  " c r ib s"  tha t  a re  
f i l l ed  w i th  r e c y c l e d  C h r i s t m a s  t ree s  s t a c k e d  to  an e l e v a t i o n  o f  3 0  
to 6 0  c m  a b o v e  m e a n  sea  leve l  ( F ig u r e  5.1) .  T h e  t r e e s  are  c o l l e c t e d  
by  c o m m u n i t i e s  a r o u n d  the  s t a t e  a f t e r  the  h o l id a y  s e a s o n .  O n c e  
m a t e r i a l s  a re  a s s e m b l e d ,  s ix  v o l u n t e e r s  c a n  b u i ld  5 0  m  o f  f e n c e  in 
a da y .
" C h r i s t m a s  t ree  f e n c e s "  a re  an a l t e r n a t i v e  to l and  f i l l i n g  b u l k y  
t r e e s  an d  r e c y c l i n g  p r o v i d e s  an o p p o r t u n i t y  fo r  the  p u b l i c  to p l a y  
a " h a n d s  on"  ro le  in c o a s t a l  r e s t o ra t i o n  ( C o a l i t i o n  1989) .  F e n c e  
c o n s t r u c t i o n  ha s  b e c o m e  s t a n d a r d i z e d  t h r o u g h  the  e f f o r t s  o f  the 
L o u i s i a n a  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  ( L D N R )  w h i c h  has  
p r o v i d e d  s o m e  f u n d i n g  s in c e  1990 .  C r i t e r i a  fo r  s y s t e m a t i c a l l y  
s i t ing  a n d  o r i e n t i n g  a f e n c e  h a v e  no t  ye t  b e e n  d e v e l o p e d .  It is
c l e a r ,  h o w e v e r ,  t h a t  s o m e  f e n c e s  w o r k  b e t t e r  t h a n  o t h e r s  bu t  the  
s p e c i f i c  s o u r c e s  o f  th i s  v a r i a b i l i t y  h a v e  n o t  b e e n  i n v e s t i g a t e d .
S o i l  s u r f a c e  e l e v a t i o n  r e l a t i v e  to  m e a n  lo ca l  w a t e r  l eve l  ( r e l a t i v e  
e l e v a t i o n )  is the  s in g l e  m o s t  i m p o r t a n t  f a c t o r  c o n t r o l l i n g  the  
c o l o n i z a t i o n ,  m a i n t e n a n c e  o r  lo ss  o f  i n t e r  t id a l  w e t l a n d  v e g e t a t i o n  
( S a s s e r  1977 ;  L y o n  1986;  M c K e e  an d  P a t r i c k  1988;  B o u m a n s  an d  
S k l a r  1990) .  H i g h e r  soil  s u r f a c e  e l e v a t i o n s  l ead  to  s h o r t e r  f lo o d  
d u r a t i o n  a n d  m o r e  f r e q u e n t  d r a i n a g e ,  w h i c h  r e s u l t  in l e s s  w a t e r  
l o g g i n g  ( H o w e s  et al.  1981;  L y o n  1986;  B u r d i c k  a n d  M e n d e l s s o h n  
1 9 8 7 ) ,  a m o r e  c o n s o l i d a t e d  s u b s t r a t e  ( R o s e n  1 9 8 0 )  an d  r e d u c e d  
e x p o s u r e  to e r o s i o n  by w a v e s  ( K n u t s o n  et al.  1990) .  A c c o r d i n g l y ,  
s l i g h t l y  h i g h e r  e l e v a t i o n s  g e n e r a l l y  e n h a n c e  p r o d u c t i o n  by  i n t e r  
t ida l  w e t l a n d  p l an t  s p e c i e s  i f  t h e y  d o  c a u s e  s u c c e s s i o n  to n o n ­
w e t l a n d  types .  C o n v e r s e l y ,  e x p o s u r e  o f  m a r s h e s  an d  m u d  f la t s  to 
w a v e  ac t io n  l ea d s  to  r e d u c e d  s e e d l i n g  g e r m i n a t i o n  an d  to p h y s i c a l  
d a m a g e  o f  e x i s t i n g  y o u n g  p l a n t s  ( V a n  E e r d t  1985;  F o o t e  an d  K a d l e c  
1 9 8 8 ) .
R e l a t i v e  s u r f a c e  e l e v a t i o n  is no t  f ix e d ,  h o w e v e r ,  p a r t i c u l a r l y  in the  
m a r s h e s  o f  c o a s t a l  L o u i s i a n a ,  b u t  f l u c t u a t e s  in r e s p o n s e  to  m a n y  
p r o c e s s e s  o p e r a t i n g  at  a  v a r i e ty  o f  spa t i a l  a nd  t e m p o r a l  s c a l e s .  At  
l ea s t  t w e n t y  p r o c e s s e s  a r e  k n o w n  to a f f e c t  c o a s t a l  w e t l a n d  
e l e v a t i o n  a nd  s u s t a i n e b i l i t y  ( T u r n e r  a n d  C a h o o n  1 9 8 7 ) ,  bu t  o n l y  
t h r e e  o f  t h e s e  h a v e  the  p o t e n t i a l  to i n c r e a s e  s u r f a c e  e l e v a t i o n  
r e l a t i v e  to m e a n  sea  l eve l .  T h e s e  are  the  (1 )  d e p o s i t i o n  o f  
s e d i m e n t s  f r o m  s u s p e n s i o n ,  ( 2 ) d e p o s i t i o n  o f  o r g a n i c  m a t t e r  f r o m  
a b o v e - g r o u n d  p l a n t  p r o d u c t i o n  an d  (3 )  e x p a n s i o n  and  
i n c o r p o r a t i o n  o f  b e l o w - g r o u n d  p l a n t  p r o d u c t i o n  to  f o r m  p e a t y  
so i l s .  Al l  o t h e r  p r o c e s s e s  w o r k  in c o n j u n c t i o n  w i th  e u s t a t i c  s ea  
l eve l  r is e  to c r e a t e  a s i t e - s p e c i f i c  s u b m e r g e n c e  p o t e n t i a l  f o r  all o f  
L o u i s i a n a ' s  c o a s t a l  w e t l a n d s  tha t  t y p i c a l l y  r a n g e s  f r o m  0 .5  to  1 .0  
c m  p e r  y e a r  ( T u r n e r  1991 ) .
0.3-1 m
S t r in g  o r  w i r e
W o lm a n ized  p o le s  
2 . 4 x 0 . 1 x 0 . 1
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t r e e s  jr
S e d im e n t
F i g u r e  5.1 D r a w i n g  o f  a L o u i s i a n a  s e d i m e n t  f enc e .
A n y  e f f e c t i v e  r e s t o r a t i o n  t e c h n i q u e  m u s t  e i t h e r  r e d u c e  the  
s u b m e r g e n c e  p o t e n t i a l  o r  e n h a n c e  the  t h r e e  p r o c e s s e s  t h a t  can  
i n c r e a s e  e l e v a t i o n .  I n t e r  t idal  s e d i m e n t  f e n c e s  a re  d e s i g n e d  to  
l o c a l l y  i n c r e a s e  the  e f f i c i e n c y  o f  s e d i m e n t  t r a p p i n g  on  u n v e g e t a t e d  
s u b  t idal  s u r f a c e s  to  c r e a t e  an e l e v a t e d  p l a t f o r m  tha t  wil l  s u p p o r t  
c o l o n i z a t i o n  by e m e r g e n t  w e t l a n d  s p e c i e s .  A l o n g  th e  n o r th e r n  
c o a s t  o f  T h e  N e t h e r l a n d s  t id a l l y  t r a n s p o r t e d  s e d i m e n t s  a re  t r a p p e d  
b y  b r u s h  g r o i n s  e x t e n d e d  s e a w a r d  o f  the  s ea  d ik e s .  T h e r e ,  
a c c r e t i o n  r a t e s  o f  up  to  3 .5  c m  p e r  y e a r  h a v e  b e e n  m e a s u r e d  
f o l l o w i n g  c o l o n i z a t i o n  by m a r s h  p lan t s .  T h i s  t e c h n i q u e  ha s  been  
u s e d  to  c r e a t e  o v e r  100  k m 2 o f  n e w  m a r s h  land  in the  pas t  40  
y e a r s  a l o n e  ( B o u w e r s m a  e t  a l.  1986) .
T w o  L o u i s i a n a  f e n c e  p r o j e c t s  at  the  s i t es  s h o w n  in F i g u r e  5 .2  h a v e  
b e e n  s y s t e m a t i c a l l y  m o n i t o r e d  o v e r  the  p a s t  f o u r  y e a r s .  O n e ,  the 
L a B r a n c h e  p ro jec t ,  is l o c a t e d  w e s t  o f  N e w  O r l e a n s  j u s t  s o u th  o f  
L a k e  P o n t c h a r t r a i n .  T h e  o the r ,  the  L e e v i l l e  p r o j e c t ,  is n o r th  of
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F i g u r e  5 .2  S t u d y  s ites .
G r a n d e  I s le  a d j a c e n t  to  B a y o u  L a f o u r c h e .  E f f e c t s  o f  t h e s e  f e n c e s  on 
w a v e  c h a r a c t e r i s t i c s ,  s e d i m e n t  a c c r e t i o n  a n d  v e g e t a t i o n  r e s p o n s e  
a r e  r e p o r t e d  h e r e  to  i m p r o v e  f e n c e  d e s i g n  a n d  p r e d i c t a b i l i t y  as 
w e l l  a s  e n h a n c e  e x i s t i n g  u n d e r s t a n d i n g  o f  c o a s t a l  w e t l a n d  
s e d i m e n t a t i o n  p r o c e s s e s .
In  p r i n c i p l e ,  s e d i m e n t  f e n c e s  are  e x p e c t e d  to  w o r k  l ike  a n y  sub  
a e r i a l ,  p e r m e a b l e  b r e a k w a t e r  to r e d u c e  the  e r o s i v e  e f f e c t s  o f  
w a v e s  g e n e r a t e d  by  w i n d  in s m a l l ,  s h a l l o w  c o a s t a l  w a t e r  b o d i e s  
( A n d e r s o n  1972;  H S k a n s o n  1977 ;  L e t z s c h  a n d  F r e y  1 980 ;  C a r p e r  
a n d  B a c h m a n n  1984 ;  W a r d  e t  al. 1984;  K n u t s o n  et  al. 1990) .  O n e  
o b j e c t i v e  o f  th i s  s t u d y  w a s  to  p r o v i d e  an u n d e r s t a n d i n g  o f  the  
w a v e  t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  th i s  t y p e  o f  l o w - c o s t  s t r u c tu r e  
to  f a c i l i t a t e  d e s ig n  o f  f u tu r e  p r o je c t s .  T r a n s m i s s i v i t y  ( K y )  is 
e x p r e s s e d  as  the  r a t i o  o f  t r a n s m i t t e d  to i n c i d e n t  w a v e  h e ig h t  
( H t / H i ,  U S C O E  1984) .
L i k e  a n y  p e r m e a b l e  b r e a k w a t e r ,  s e d i m e n t  f e n c e s  p r o v i d e  a 
p r e f e r r e d  l o c a t i o n  f o r  d e p o s i t i o n  o f  s e d i m e n t  e n t r a i n e d  in c o a s t a l  
c u r r e n t s  o r  l o c a l ly  r e s u s p e n d e d  by  w a v e s .  R a t e s  o f  d e p o s i t i o n  are 
e x p e c t e d  to  b e  a f u n c t i o n  o f  s e d i m e n t  s u p p l y  o r  f lux .  A s e c o n d  
o b j e c t i v e  o f  the  s tudy  w a s  to  q u a n t i f y  the  e f f e c t  o f  a f e n c e  on 
s e d i m e n t a t i o n  in a r e a s  w i t h  d i f f e r e n t  r a t e s  and  m o d e s  o f  s e d i m e n t  
s u p p l y .  T h e  L a B r a n c h e  a nd  L e e v i l l e  s i t es  p r o v i d e  th is  o p p o r t u n i t y
D u t c h  r e s e a r c h e r s  h a v e  n o t e d  an  e n h a n c e m e n t  o f  s e d i m e n t a t i o n  
f o l l o w i n g  c o l o n i z a t i o n  o f  the  u n v e g e t a t e d  s u r f a c e  by w e t l a n d  
p l a n t s  ( B o u w e r s m a  et al. 1986) .  A f ina l  o b j e c t iv e  o f  this  s t u d y  w as  
to  r e c o r d  the  s e q u e n c e  in w h i c h  w e t l a n d  p l a n t  s p e c i e s  n a t u r a l l y  
c o l o n i z e  the  p l a t f o r m  d e v e l o p e d  a r o u n d  the  f e n c e  an d  t ie this  
s e q u e n c e  i n to  o b s e r v e d  c h a n g e s  in e l e v a t i o n .
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T h e  L a B r a n c h e  a n d  L e e v i l l e  s tu d y  s i t e s  s h o w n  in F i g u r e  5 .2  are  
c o m p a r e d  in T a b l e  5.1 a n d  d e s c r i b e d  b r i e f ly  b e lo w .  T h e  t w o  
p r o j e c t s  d i f f e r  s i g n i f i c a n t l y  in s c a le  an d  d e s ig n .  T h e  L a B r a n c h e
p r o j e c t  i n v o l v e s  m o r e  than  3 0 0  m  o f  f e n c i n g  p l a c e d  in a d e t a c h e d  
b r e a k w a t e r  c o n f i g u r a t i o n  p r o t e c t i n g  a s e m i - e n c l o s e d  a r e a  o f  
n e a r l y  4 0 , 0 0 0  n i “  w h i l e  the  L e e v i l l e  p r o j e c t  c o n s i s t s  o f  t w o  
e n c l o s u r e s  c o v e r i n g  a b o u t  2 0 , 0 0 0  m ^ .  T h e  L a B r a n c h e  f e n c e  w a s  
c o n s t r u c t e d  in J a n u a r y  1989 ,  w h i l e  tha t  at  L e e v i l l e  w a s  b u i l t  a 
l i t t l e  o v e r  a y e a r  l a t e r  in  M a r c h  1990.
L A B R A N C H E  P R O J E C T : .  T h e  L a B r a n c h e  w e t l a n d ,  loca ted  on the 
s o u th  s h o r e  o f  L a k e  P o n t c h a r t r a i n  b e t w e e n  the  B o n n e t  C a r r e  
S p i l l w a y  and  N e w  O r l e a n s ,  is a m o n g  the  m o s t  p r o d u c t i v e  low  
s a l i n i t y  h a b i t a t s  in the  L a k e  P o n t c h a r t r a i n  e s t u a r y  ( C r a m e r  et  al.
1978) .  T h e  a r e a  is c h a r a c t e r i z e d  by  s h a l l o w  p o n d s  a n d  
d e t e r i o r a t i n g  m a r s h e s  e s t a b l i s h e d  on  a v e r y  p o o r l y  d r a i n e d  
o r g a n i c  soil .  T h e  m a r s h  has  b e e n  c l a s s i f i e d  as  i n t e r m e d i a t e  
( C h a b r e c k  1972)  a n d  c o n s i s t s  o f  a m ix  o f  b r a c k i s h  ( S p a r t i n a  
p a t e n s ) a n d  f r e s h w a t e r  s p e c i e s  ( A c n i d a  c u s p i d a t a . S c i r p u s  v a l i d u s . 
K o s t e l e t z k v a  v i r g i n i c a . L u d w i g i a  sp.,  B a c c h a r i s  h a l i m i f o l i a .
E l e o c h a r i s  sp.,  P t i l i m n i u m  c a p i  l a c e  u r n . A l t e r n a n t h e r a  p h i l o x e r o i d e s  
a nd  R a n u n c u l u s  s c e l e r a t u s ). S p a r t i n a  a l t e r n i f l o r a  w a s  i n t r o d u c e d  
i n to  the  a r e a  in the  m i d  1980 's  an d  th is  s p e c i e s  ha s  s l o w l y  
i n c r e a s e d  in a b u n d a n c e .
S e v e r a l  p a s s e s  f o r m e r l y  c o n n e c t e d  L a k e  P o n t c h a r t r a i n  to  the 
L a B r a n c h e  w e t l a n d .  S e d i m e n t  a n d  w a t e r  w a s  e x c h a n g e d  wi th  the  
l a k e  in the  i m m e d i a t e  v i c i n i t y  o f  the  s tu d y  s i te  t h r o u g h  the 
p i p e l i n e  c a n a l  s h o w n  in F i g u re  5.2.  T h i s  c a n a l  and  all o th e r  
o p e n i n g s  to the  l ak e  w e r e  e i t h e r  d a m m e d  o r  b l o c k e d  by w e i r s  in 
1987  as  pa r t  o f  an e a r ly  m a r s h  r e s t o r a t i o n  p ro je c t .  T h e  L D N R  
c o l l e c t e d  h o u r l y  w a t e r  l eve l  d a t a  in the  L a B r a n c h e  w e t l a n d
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b e t w e e n  J u n e  1 9 9 2  a n d  J a n u a r y  1993  w h i c h  i n d i c a t e d  th a t  the  
a v e r a g e  t ida l  a m p l i t u d e  in th is  l a r g e l y  i s o l a t e d  a r e a  h a d  b e e n  
r e d u c e d  to  a p p r o x i m a t e l y  8  c m .
T a b l e  5.1 S i te  a n d  m o n i t o r i n g  sp e c i f i c s .
Param eter Leeville LaBranche
Vegetation Type Salt marsh Interm ediate
m arsh
Daily water level range ± 1 Stdev * 0 ± 10 cm 8 ± 4.5 cm
Water level monitoring period 10 /‘86 to 1 /' 91 6 /‘92 to 1/'93
Water depths at monitoring sites 0 to 60 cm 0 to 60 cm
Concentration of TSS samples ± 1 StE “ 93±8 mg*L-1 61±2 mg*L-1
Potential Source of TSS Storms and Boat
t r a f f ic
resuspension
Lake
P on tcha rtra in
Number of SET stations 3 6
Monitoring period for SET stations 9 / ‘90 to 7 /‘93 3 /‘90 to 7 / ‘93
‘ Louisiana Department for Natural Resources-the Coastal Restoration Division 
“  500 ml bottles taken at irregular intervals throughout the sampling period.
d e l t a  in the  s tu d y  a r e a  w h i c h  w a s  c o l o n i z e d  b y  v e g e t a t i o n  b e f o r e  
the  c a n a l  w a s  c lo s e d  in 1987 .  S o m e  s e d i m e n t  c o n t i n u e s  to e n t e r  
the  a r e a  f r o m  th e  l a k e  t h o u g h  the  f lux  has  b e e n  s i g n i f i c a n t l y  
r e d u c e d .  T h e  C h r i s t m a s  t r e e  f e n c e s  w e r e  c o n s t r u c t e d  by the  L D N R  
in J a n u a r y  1989  in a s h a l l o w  p o n d  s t a r t i n g  on  the  e a s t  in th is  shoa l  
a r e a  a n d  e x t e n d i n g  w e s t  i n to  s o m e w h a t  d e e p e r  w a t e r .  T h e  f e n c e s  
h a v e  n o t  b e e n  s u b s e q u e n t l y  r e f u r b i s h e d .
L E E V I L L E  P R O J E C T :  T h e  L e e v i l l e  s i te  is loca ted  in a d e te r io r a t i n g  
S p a r t i n a  a l t e r n i f l o r a  m a r s h  a d j a c e n t  to  B a y o u  L a f o u r c h e  a b o u t  2 0
k m  f r o m  the  G u l f  o f  M e x i c o .  T h e  s i te  is l o c a t e d  n e x t  to  a small  
n a v i g a t i o n  c a n a l  in the  m i d d l e  o f  the  L e e v i l l e  Oil  F i e ld ,  o n e  o f  the 
o l d e s t  an d  l a r g e s t  f i e l d s  in  c o a s t a l  L o u i s i a n a .  T h e  s e d i m e n t  f e n c e s  
w e r e  c o n s t r u c t e d  by  the  L D N R  a n d  the  L a f o u r c h e  P a r i s h  C o a s t a l  
Z o n e  A d v i s o r y  C o m m i t t e e  in  1 9 9 0  to  e n c l o s e  a s h a l l o w  o p e n  w a t e r  
a r e a  w h i c h  ha d  o p e n e d  u p  a l o n g  th e  e a s t  b a n k  o f  the  c a n a l .  T h e  
e n c l o s e d  a r e a  b e c o m e s  s o m e w h a t  d e e p e r  t o w a r d  th e  c a n a l .  T h e  
c a n a l  is c o n t i n u a l l y  s t i r r e d  by  b o a t  w a k e s  a n d  is t h e  p r i m a r y  
s o u r c e  o f  s u s p e n d e d  s e d i m e n t .  T h e  f e n c e s  h a v e  b e e n  r e f u r b i s h e d
e a c h  y e a r  w i t h  n e w  C h r i s t m a s  t r e e s .
M ETHODS
N i n e t e e n  se t s  o f  w a v e  d a t a  w e r e  a c q u i r e d  d u r i n g  the  s tu d y  at the
t w o  a re a s  at the  t im e s  s h o w n  in T a b l e  5 .1 .  E a c h  d a t a  set  c o n s i s t s
o f  t w o  s i m u l t a n e o u s  w a v e  r e c o r d s  26  m i n u t e s  l o n g  s a m p l e d  at a 
f r e q u e n c y  o f  4  h e r t z  w i t h  p r e s s u r e  t r a n s d u c e r s  ( P D C R  8 3 0 - 0 5 7 6 ,  
2 .5  psi  r a n g e )  p o s i t i o n e d  on  the  s e a w a r d  a n d  l a n d  w a r d  s id e s  o f  
the  f e n c e .  L o n g  p e r i o d  ( t ida l )  t r e n d s  w e r e  r e m o v e d  f r o m  the  t im e-  
s e r i e s  a n d  the  p o w e r  s p e c t r a  w e r e  c o m p u t e d  u s i n g  a F a s t  F o u r i e r  
T r a n s f o r m  a l g o r i t h m  ( F F T ,  I G O R ) .  S u m m a r y  s t a t i s t i c s  fo r  w a v e  
e n e r g y ,  s i g n i f i c a n t  w a v e  h e i g h t  ( H s )  a n d  w a v e  p e r i o d  w e r e  d e r i v e d  
f r o m  th e  p o w e r  s p e c t r a  f o l l o w i n g  ( K h a n d e k a r  1 9 8 9 ) .  S u s p e n d e d  
s e d i m e n t  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  f r o m  w a t e r  s a m p l e s  
c o l l e c t e d  at the  t i m e  th a t  the  w a v e  r e c o r d s  w e r e  a c q u i r e d .
S e d i m e n t  s u r f a c e  e l e v a t i o n  w a s  m e a s u r e d  at  e a c h  s t a t i o n  s h o w n  on
F i g u r e  5 .2  e v e r y  t h r e e  m o n t h s  u s i n g  a s e d i m e n t a t i o n - e r o s i o n  t a b l e
( S E T ,  B o u m a n s  et al. 1993) .  W i t h  the  S E T ,  s u r f a c e  e l e v a t i o n  is 
m e a s u r e d  at n in e  p o i n t s  in e a c h  o f  f o u r  q u a d r a n t s  r e l a t i v e  to  a
b e n c h m a r k  set  in the  b a s e  s u p p o r t  p i p e  fo r  a to ta l  o f  36
m e a s u r e m e n t s .  A  s m a l l  p l a t f o r m  w a s  c o n s t r u c t e d  at  e a c h  S E T  
l o c a t i o n  to  m i n i m i z e  d i s t u r b a n c e  o f  the  s e d i m e n t  s u r f a c e  d u r i n g  
s a m p l i n g .  Six s t a t i o n s  w e r e  e s t a b l i s h e d  at L a B r a n c h e .  F o u r  w e r e  
p o s i t i o n e d  25 m f r o m  the  c e n t e r l i n e  o f  the  f e n c e ,  w h i l e  c o n t r o l s
w e r e  p l a c e d  at 100 m  a n d  150  m  s e a w a r d  o f  the  f e n c e .  T h r e e  
s t a t i o n s  w e r e  e s t a b l i s h e d  at L e e v i l l e .  T w o  w e r e  p l a c e d  t h r e e  
m e t e r s  f r o m  the  f e n c e  c e n t e r l i n e  on  the  c a n a l  a n d  l a n d  w a r d  s ides ,  
w h i l e  the  th ird  s i te  w a s  p o s i t i o n e d  in  the  c e n t e r  o f  the  e n c l o s e d
a r e a  1 0  m  l a n d  w a r d  o f  t h e  f enc e .
E a c h  S E T  s ta t io n  w a s  t r e a t e d  as  an e x p e r i m e n t a l  un i t  w h i l e  e a c h  
p in  r e a d i n g  w a s  t r e a te d  as  a s u b  s a m p l e .  A n  A N O V A  m o d e l  w a s  
c o n s t r u c t e d  to te s t  the  e f f e c t  o f  f e t c h ,  p r o x i m i t y  to  the  s e d i m e n t  
f e n c e ,  f i e ld  s i t e ,  s e a s o n  a n d  H u r r i c a n e  A n d r e w  ( A u g u s t  1 9 9 2 )  on 
the  c h a n g e  in e l e v a t i o n  a n d  the  e f f e c t  o f  h u r r i c a n e  A n d r e w  on 
to ta l  e l e v a t i o n  ( A p p e n d i x  A).  L i n e a r  r e g r e s s i o n  w a s  u s e d  to
e s t a b l i s h  t h e  r a t e  o f  e l e v a t i o n  c h a n g e  in c m - y r ~ l  at all s i tes .
O b s e r v a t i o n s  o f  n e w  v e g e t a t i o n  g r o w t h  w e r e  r e c o r d e d  d u r i n g  s i t e  
vi s i t s .  P l a n t  s p e c i e s  w e r e  n o t e d  as  p r e s e n t  e v e n  i f  o n ly  a f e w  
i n d i v i d u a l s  w e r e  s e en .  M o r e  d i v e r s e  s p e c i e s  a s s e m b l a g e s  w e r e  
a s s i g n e d  to  a t y p ic a l  p l a n t  a s s o c i a t i o n
RESULTS
W a t e r  d e p t h s  m o n i t o r e d  a t  the  t w o  f i e ld  s i t e s  w e r e  s im i l a r ,  
r a n g i n g  f r o m  0  to 90  c m  at  L a B r a n c h e  a n d  f r o m  0  to  7 0  c m  at 
L e e v i l l e .  S u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  e x h i b i t e d  l i t t le  
v a r i a t i o n  b e t w e e n  v i s i t s  a t  a s i n g l e  s i te  bu t  w e r e ,  on a v e r a g e ,  50  
p e r c e n t  h i g h e r  at t h e  L e e v i l l e  s i te  ( 9 3 ± 8  m g - 1 ' 1 )  than  at 
L a B r a n c h e  ( 6 1 ± 2  m g - M ) .
W A V E  E F F E C T S :  T i m e - s e r i e s  o f  t h e  s m a l l e s t  a m p l i t u d e  w a v e s
r e c o r d e d  at L e e v i l l e ,  t he  h i g h e s t  a m p l i t u d e  w a v e s  r e c o r d e d  at 
L a B r a n c h e ,  a n d  a w a v e  t r a in  r e c o r d e d  at L e e v i l l e  w h i c h  w a s  
p a r t i a l l y  g e n e r a t e d  by  a b o a t  w a k e  a re  s h o w n  in F i g u r e  5.3  
D o m i n a n t  p e r i o d s  in the  w i n d  w a v e  b a n d  w e r e  e s t i m a t e d  f r o m  the  
s p e c t r a  to  r a n g e  f r o m  0 .6  to  5 s e c o n d s  w i th  a m e a n  o f  1 .9  s e c o n d s
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a t  bo th  s i te s .  P e r i o d s  d id  n o t  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  f ie ld  
s i t e s  a n d  w e r e  n o t  a f f e c t e d  by  the  f e n c e s .
S i g n i f i c a n t  w a v e  h e i g h t s  m e a s u r e d  at  bo th  s i t e s  w e r e  v e r y  sm a l l  as  
w o u l d  be  e x p e c t e d  f o r  s u c h  s h a l l o w  w a t e r  d e p t h s ,  r a n g i n g  f r o m  a 
f e w  m m  to 1.7 c m .  It is  c l e a r  f r o m  the  p e r c e n t  e x c e e d e n c e  c u r v e  
p l o t t e d  in F i g u r e  5 .4 ,  h o w e v e r ,  t h a t  the  i n c i d e n c e  o f  l a r g e r  w a v e s  
is f a r  g r e a t e r  a t  the  L e e v i l l e  s i t e  th a n  at  L a B r a n c h e .
A p a i r e d  t - t e s t  w a s  u s e d  to  t e s t  the  e f f e c t s  o f  the  s e d i m e n t  f e n c e  
on  w a v e  e n e r g y  a n d  s i g n i f i c a n t  w a v e  h e ig h t .  T h e  f e n c e  w a s  f o u n d  
to  s i g n i f i c a n t l y  r e d u c e  w a v e  e n e r g y  a n d  w a v e  h e i g h t  at  b o t h  f i e ld  
s i t es .  T h e  s e d i m e n t  f e n c e s  c a u s e d  an  a v e r a g e  lo ss  o f  s i g n i f i c a n t  
w a v e  h e ig h t  o f  5 0 ± 3  %  ( R 2= 0 .9 5 )  as  a w a v e  t ra in  p a s s e d  t h r o u g h  
the  f e n c e  ( p <  0 .0 0 1 ) .  T h i s  c o r r e s p o n d e d  to  an a v e r a g e  e n e r g y  loss  
o f  7 2 ±  3 %  ( R 2 = 0 .8 4 ) .
S U R F A C E  E L E V A T I O N  R E S P O N S E :  R esu l t s  o f  S E T  m e a s u r e m e n t s  at 
all  s t a t i o n s  a re  p r e s e n t e d  in T a b l e  5 .2  and  a re  s h o w n  in F i g u r e  5.5 .  
M e a n  e l e v a t i o n  c h a n g e  at a ll  s t a t i o n s  m o n i t o r e d  r a n g e d  f r o m  + 3 .3  
to  -0 .8  c m  y r ' l .  T h e  s e d i m e n t  f e n c e s  c a u s e d  e l e v a t i o n  i n c r e a s e s  at 
all  S E T  s ta t io n s  w i th  the  l a r g e s t  e f f e c t  at  s t a t io n s  w i th  the  l o n g e s t  
f e t c h  s e a w a r d  o f  the  s t r u c t u r e s  (1 .3 8  ± 0 .3 8  c m - y r ' l ;  p <  0 . 0 0 0 7 )  
a n d  a s o m e w h a t  l o w e r  e f f e c t  a t  f e n c e  s t a t i o n s  w i th  s m a l l  f e t ch  
( 1 .1 8  ± 0 .3 8  c m - y r ' l ;  p <  0 .0 0 3 2 ) .  C o n t r o l  s t a t io n s  d i s t a n t  f r o m  the  
f e n c e s  d e c r e a s e d  in e l e v a t i o n  ( -0 .7 3  ± 0 .3 8  c m - y r ' l ;  p <  0 .0 6 2 4 ) .  
E l e v a t i o n  i n c r e a s e s  p r o v e d  to  be  s i g n i f i c a n t ,  w h i l e  s t a t i o n s  tha t  
d e c r e a s e d  in e l e v a t i o n  d id  no t  d i f f e r  s i g n i f i c a n t l y  f r o m  a ‘no  
c h a n g e ’ h y p o t h e s i s .  E l e v a t i o n  c h a n g e s  m e a s u r e d  at  s t a t i o n s  in 
L e e v i l l e  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h o s e  m e a s u r e d  at 
L a B r a n c h e .  N o  s i g n i f i c a n t  s e a s o n a l  e l e v a t i o n  t r e n d s  w e r e  
i d e n t i f i e d  a l t h o u g h  h u r r i c a n e  A n d r e w  p r o d u c e d  o b v i o u s  s h o r t ­
t e r m  i n c r e a s e s  a t  m o s t  m o n i t o r i n g  s t a t i o n s .
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F i g u r e  5.3  T w o  e x a m p l e s  o f  the  17 M i n u t e  w a v e  r e c o r d s  se ts  
s a m p l e d  s i m u l t a n e o u s l y  a t  o p p o s i t e  s ides  o f  t h e  f e n c e s .  T h e  
l a B r a n c h e  1 2 / 1 0 / 9 2  r e c o r d s  s h o w  the  e f f e c t  o f  the  s e d i m e n t  f e n c e  
o n  the  l a r g e s s  w a v e s  m e a s u r e d .  T h e  L e e v i l l e  8 / 9 / 9 2  r e c o r d s  s h o w  
the  e f f e c t  o f  the  f e n c e  on  B o a t  w a k e s .
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F i g u r e  5 .4  T h e  p e r c e n t a g e  o f  w a v e  m e a s u r e m e n t s  l a r g e r  than  the  
w a v e  h e ig h t  p lo t t e d  on the  x - a x i s  f o r  L e e v i l l e  a n d  L a B r a n c h e .
T a b l e  5 .2  L i n e a r  i n c r e a s e s  in e n v y  -1 e s t i m a t e d  f o r  i n d i v i d u a l  S E T  
s t a t i o n s .
R2 elevation 
change 
( c m / y  r)
Standard
e r r o r
LaBranche
Control North 0 . 32 - 0 . 4 0 . 08
Control South 0.21 - 0 . 7 0 . 1 7
Pond North 0.01 0 0 . 0 7
Pond South 0 . 49 0 . 7 0 . 0 9
Mud flat North 0 .6 2 .8 0 .3
Mud flat South 0.71 1.7 0 . 1 4
Leev ille
Outside 0 . 8 8 2.2 0 . 3 7
Inside 0 . 5 6 3. 3 0 . 2 3
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F i g u r e  5.5 S E T  E l e v a t i o n s  m e a s u r e d  at the  L a B r a n c h e  (A )  a n d  
L e e v i l l e  a r e a s . ( B ) .
V E G E T A T I O N :  N o  e m e r g e n t  v e g e t a t i o n  has  a p p e a r e d  at the
L e e v i l l e  s i te  f o u r  y e a r s  a f t e r  c o n s t r u c t i o n .  In c o n t r a s t ,  t h e  f i rs t  
e v i d e n c e  o f  r e - v e g e t a t i o n  w a s  o b s e r v e d  at  the  L a B r a n c h e  s i te  in 
M a y ,  1992 ,  a b o u t  t h r e e  y e a r s  a f t e r  in i t ia l  c o n s t r u c t i o n .  A f re sh  
a n d  i n t e r m e d i a t e  m a r s h  c o m m u n i t y  c o l o n i z e d  p a r t  o f  the  
L a B r a n c h e  f e n c e  t h a t  w a s  bu i l t  on  the  f o r m e r  f l o o d  d e l t a  at  the 
e a s t e r n  e n d  o f  t h e  s t r u c t u r e .  L a t e r  t h a t  y e a r  in A u g u s t ,  p a t c h e s  o f  
S p a r t i n a  a l t e r n i f l o r a  w e r e  o b s e r v e d  on  the  m u d  f la t  on  the  n o r th  
s id e  o f  t h e  f e n c e .  H u r r i c a n e  A n d r e w  ( A u g u s t  2 6  1 9 9 2 )  r e m o v e d  
t r e e s  f r o m  th e  w e s t e r n  p a r t  o f  t h e  f e n c e  in d e e p e r  w a t e r  w h i c h  
ha d  n o  v e g e t a t i o n .  In N o v e m b e r ,  1992 ,  the  v e g e t a t i o n  on the  
p r e v i o u s l y  c o l o n i z e d  p a r t s  o f  the  f e n c e  h a d  b e e n  r e p l a c e d  
p r i m a r i l y  w i th  d w a r f  s p i k e  r u s h  ( E l e o c h a r i s  p a r v u l a ) a nd ,  to a 
l e s s e r  e x t e n t ,  w i th  S p a r t i n a  a l t e r n i f l o r a . A t  the  s a m e  t im e ,  an 
a b u n d a n t  g r o w t h  o f  s u b m e r g e d  a q u a t i c s  w a s  o b s e r v e d  in the  a r e a s  
a r o u n d  the  e m p t y  c r i b s  on  the  w e s t  e n d .  B y  the  s p r i n g ,  1993 ,  the  
s u b m e r g e d  a q u a t i c s  h a d  s p r e a d  a n d  w e r e  p r e s e n t  t h r o u g h o u t  the  
w h o l e  a re a .  By  J u ly ,  1993 ,  h o w e v e r ,  the  s u b m e r g e d  a q u a t i c s  had  
d i s a p p e a r e d  w h i l e  the  E l e o c h a r i s  p a r v u l a  c o v e r e d  the  e n t i r e  
e x p a n s e  o f  the  p r e v i o u s l y  u n v e g e t a t e d  shoa l  a r e a  on  the  e a s t  e nd .  
O n  S e p t e m b e r  1993  it w a s  o b s e r v e d  tha t  m o s t  o f  the E l e o c h a r i s  
p a r v u l a  ha d  b e e n  r e p l a c e d  w i th  s p a r s e l y  d i s t r i b u t e d  P 1 u c h e a  
c a m p h o r a t a . O v e r  t im e  w a l k i n g  on  the f o r m e r  f lo o d  d e l t a  b e c a m e  
e a s i e r  b e c a u s e  o f  a m o r e  c o m p a c t e d  s e d i m e n t  s u b s t r a t e
DISC USSIO N
T h e  r e s u l t s  s h o w  tha t  s e d i m e n t  f e n c e s  c a n  r e d u c e  w a v e  e n e r g y ,  
c a u s e  i n c r e a s e s  in s u r f a c e  e l e v a t i o n ,  a n d  p o t e n t i a l l y  l ead  to  m a r s h  
v e g e t a t i o n  e s t a b l i s h m e n t .  It is b e l i e v e d  th a t  the  r e d u c t i o n  in w a v e  
e n e r g y  r e s u l t s  in r e d u c e d  s e d i m e n t  r e s u s p e n s i o n ,  e n h a n c e d  
d e p o s i t i o n ,  a n d  c o n s o l i d a t i o n  o f  the  s u r f a c e  s e d i m e n t s  ( A n d e r s o n  
et  al. 1981;  N a g a i  et  al. 1984;  W a r d  et al. 1984;  S h i b a y a m a  e t  al.
1 9 8 6 )
W A V E S :  W a v e  t r a n s m i s s i o n  t h r o u g h  a n y  s t r u c t u r e  is a c o m p l e x
f u n c t i o n  o f  the  w a v e  c o n d i t i o n s  a n d  s t r u c t u r e  w i d t h ,  s ize ,  
p e r m e a b i l i t y ,  m a t e r i a l s  a n d  w a t e r  d e p t h  ( U S A C O E  1984 ) .  
A c c o r d i n g l y ,  a p l o t  o f  t h e  w a v e  t r a n s m i s s i o n  c o e f f i c i e n t  
( H i n c i d e n t / H t r a n s m i t t e d )  is m o r e  u s e fu l  than  a ny  s in g l e  e s t i m a t e .  
T h e  d a t a  o b t a i n e d  at  the  t w o  s i t e s  a re  s h o w n  in F i g u r e  5.6  
f o l l o w i n g  U S A C O E  ( 1 9 8 4 ) .  It  is i m p o r t a n t  to  n o t e  t h a t  d e s p i t e  s o m e  
m i n o r  d i f f e r e n c e s  in c o n s t r u c t i o n ,  b o th  f e n c e s  f u n c t i o n e d  s i m i l a r l y  
w i t h  r e s p e c t  to t r a n s m i s s i v i t y .  T h e  f o l l o w i n g  e m p i r i c a l  r e l a t i o n  
w a s  d e r i v e d  a n d  c a n  b e  u s e d  f o r  f u tu r e  d e s i g n  :
K j  = H j / H t  = 0 .9 2  - 0 .13  l o g ( H j / g T 2 )
w h e r e  K t  is the  t r a n s m i s s i v i t y  c o e f f i c i e n t .
It c a n  be  seen  th a t  s e d i m e n t  f e n c e s  f u n c t i o n  q u i t e  s i m i l a r l y  to 
m o r e  t r a d i t i o n a l  p e r m e a b l e  b r e a k w a t e r s  in t h a t  t h e y  f u n c t i o n
m o s t  e f f e c t i v e l y  to  d a m p e n  the  s t e e p ,  l o c a l ly  g e n e r a t e d  w i n d
w a v e s  tha t  a re  r e s p o n s i b l e  fo r  m o s t  e r o s i o n  in the  s h a l l o w  w a t e r  
b o d i e s  in w h i c h  t h e s e  s t r u c t u r e s  a r e  p l a c e d .  In c o n t r a s t ,  w a v e s  
w i t h  s m a l l  h e i g h t s  an d  l o w  f r e q u e n c i e s  a re  h a r d l y  a f f e c t e d .
E L E V A T I O N :  C h a n g e s  in e l e v a t io n  at the  S E T  s ta t ions  f o l l o w e d
e i t h e r  a g e n e r a l  i n c r e a s e  a t  s t a t i o n s  a d j a c e n t  to  the  f e n c e s  o r  w e r e  
s u b j e c t  to  e r r a t i c  e l e v a t i o n  f l u c t u a t i o n s .  E r r a t i c  sh o r t  t e rm  
f l u c t u a t i o n s  w i th  no  lo n g  t e r m  t r e n d s  w e r e  o b s e r v e d  a w a y  f r o m  
the  f e n c e s  a n d  on the  e l e v a t e d  m u d  f la t  in the  L a B r a n c h e  a re a  











F i g u r e  5 .6  W a v e  t r a n s m i s s i o n  f o r  s e d i m e n t  f e n c e  b r e a k w a t e r s  in 
L e e v i l l e (* )  a nd  St.  C h a r l e s  (o).  H |  is the  w a v e  h e ig h t  o f  the 
a p p r o a c h i n g  w a v e  a n d  H t  is the w a v e  h e ig h t  a f t e r  p a s s a g e .  T  is 
the  w a v e  p e r io d  and  g is g rav i ty  ( U S C O E  1984) .
M o s t  s t u d i e s  r e p o r t  s e d i m e n t  a c c r e t i o n  r a t e s  r a t h e r  t h a n  a c tu a l  
c h a n g e s  in s e d i m e n t  e l e v a t i o n .  T h e s e  ra t e s ,  b a s e d  on a r t i f i c i a l  or  
n a t u r a l  m a r k e r  h o r i z o n s  a r e  b i a s e d  a g a i n s t  n e g a t i v e  e l e v a t i o n  
c h a n g e s  as  t h e y  fai l  to  r e c o r d  e r o s i o n a l  e v e n t s  an d  s u b s i d e n c e  
( A n d e r s o n  et  al. 1981)  th is  in c o n t r a s t  to the S E T  ( B o u m a n s  and  
D a y  1993) .  S E T  e l e v a t i o n  c h a n g e s  can  be c o m p a r e d  to a c c r e t i o n  
r e c o r d s  i f  no  e r o s i o n  is a s s u m e d  an d  an e s t i m a t e  fo r  s u b s i d e n c e  is 
a d d e d .  A typ ica l  s u b s i d e n c e  rate  fo r  the  L o u i s i a n a  c o a s t a l  z o n e  is 
1 c m » y r ' l  ( D a y  an d  T e m p l e t  1989;  D e L a u n e  et al. 1990;  N y m a n  
a n d  D e L a u n e  1990) .  T h e  e s t i m a t e d  a c c r e t i o n  r a t e  f o r  the n o n ­
f e n c e  s t a t i o n s  (0 .2 7  c m / y r )  w a s  s im i l a r  to the  l o w  a c c r e t i o n  v a lu e s  
r e p o r t e d  by  ( C h i l d e r s  e t  al.  19 9 3 ) , L e t z s c h  a n d  F r e y  ( 1 9 8 0 )  and  
( D a y  a n d  T e m p l e t  1989) ,  w h i l e  the  d e p o s i t i o n  v a lu e s  at the f e n c e  
s t a t i o n s  (2 .3  c m / y r )  a p p r o a c h e d  the  h i g h e r  r e p o r t e d  a c c r e t i o n  
ra t e s .  T h e  e x t r e m e l y  h ig h  a c c r e t i o n  r a t e s  o f  g r e a t e r  than  10
9 3
c m / y e a r ,  o c c a s i o n a l l y  r e p o r t e d  w i t h  s e d i m e n t  t r a p p i n g  
m a n a g e m e n t  s t r a t e g i e s  w e r e  n o t  o b s e r v e d .  ( G l o p p e r  1981;
S t e v e n s o n  et  al. 1985 ; B o u w e r s m a  et al. 1986;  D i j k e m a  et al.
1 9 9 0 ) .
T h e  f e n c e s  w e r e  m o s t  l ik e ly  to s u c c e e d  in e n h a n c i n g  p l a n t  
c o l o n i z a t i o n  w h e n  p l a c e d  on  m u d  f la t s  w i t h  an e l e v a t i o n  a r o u n d  
m e a n  w a t e r  l eve l  w i t h in  the  t ida l  r a n g e .  E l e v a t i o n  i n c r e a s e s  w e r e  
s l o w  at the  low ,  b a r e l y  i n t e r  t idal  e l e v a t i o n s  suc h  as  the  L a B r a n c h e  
p o n d  s i t es  ( T a b l e  5 .2 ) ,  bu t  a l s o  on the  m u d  f la t  s i t es  at  L a B r a n c h e  
o n c e  they  w e r e  e l e v a t e d  to  s u s t a i n  v e g e t a t i o n  ( F ig u r e  5 .2 ) .  T h e  
h ig h  in i t ia l  e l e v a t i o n  w i t h in  the t idal r a n g e  o f  the no r th  m u d  flat  
c o m b i n e d  w i th  the  2.8 c m » y l  i n c r e a s e s  r a i s e d  the  L a B r a n c h e  
m u d  f la t  in t w o  y e a r s  h ig h  e n o u g h  to a l l o w  c o l o n i z a t i o n  o f  m a r s h  
p l a n t s .  In  the  s p r i n g  o f  1991 the  e l e v a t i o n  i n c r e a s e  s l o w e d  d o w n  
a n d  c h a n g e s  b e c a m e  m o r e  e r r a t i c  ( F i g u r e  5 .5 ) .
A h i g h e r  e l e v a t i o n  in the  t idal  r a n g e  i m p r o v e s  the  d r a i n a g e  c ruc ia l  
f o r  p l a n t  c o l o n i z a t i o n  ( J o e n j e  1978;  E e r d t  1985;  B u r d i c k  an d  
M e n d e l s s o h n  1987;  S h a f f e r  et  al. 1 9 9 2 )J in sp i t e  o f  the  a s s o c i a t e d  
l o ss  o f  e l e v a t i o n  b e c a u s e  o f  c o m p a c t i o n  ( M e a d e  1966) .  E v i d e n c e  
f o r  e l e v a t i o n  lo ss  d u e  to  c o m p a c t i o n  w a s  o b s e r v e d  at the m u d  f la t  
in L a B r a n c h e  w h e r e  v e g e t a t i o n  c o l o n i z e d  the  a r e a  a f t e r  an e p i s o d e  
o f  e l e v a t i o n  d e c r e a s e  ( F i g u r e  5.5) .
T h e  L e e v i l l e  i n s id e  s t a t io n  e v e n t u a l l y  wil l  be c o l o n i z e d  b e c a u s e  o f  
the  on  g o i n g  i n c r e a s e  in s u b s t r a t e  e l e v a t i o n .  It h a s  not  ye t  r e a c h e d  
the  c o n d i t i o n s  fo r  p lan t  c o l o n i z a t i o n  b e c a u s e  it l a c ks  the d i s t i n c t  
e p i s o d e s  o f  e l e v a t i o n  loss  t h r o u g h  c o m p a c t i o n .  S i m i l a r  e p i s o d e s  of  
e l e v a t i o n  lo ss  b e f o r e  p l a n t  c o l o n i z a t i o n  w e r e  o b s e r v e d  by 
( B o u w e r s m a  et  al. 1986) .  T h e  i n c r e a s e  in e l e v a t i o n  a f t e r  h u r r i c a n e  
A n d r e w  for  the f e n c e  s t a t i o n s  in L e e v i l l e  c o u l d  o n ly  be s u s t a i n e d  
by  the  i n s i d e  s ta t ion  w h i c h  in c o n t r a s t  to the  o u t s i d e  s ta t io n  is 
s h e l t e r e d  by the  f e n c e  f r o m  m o s t  o f  the  w a v e s .
V E G E T A T I O N :  S i m i l a r  e l e v a t i o n  r e q u i r e m e n t s  fo r  p l a n t
c o l o n i z a t i o n  a re  n o t  e x p e c t e d  f o r  the  L a B r a n c h e  a n d  L e e v i l l e  a re a s  
as  t h e y  a re  d i f f e r e n t  l o c a t e d  w i t h i n  d i f f e r e n t  w e t l a n d  h a b i t a t  
z o n e s .  T h e  S E T  s ta t io n s  wil l  h a v e  to  be r e v i s i t e d  an d  s u r v e y e d  
w i th  a G P S  s y s t e m  to e s t i m a t e  the  e l e v a t i o n  at w h i c h  to  e x p e c t  
v e g e t a t i o n  to  c o l o n i z e  a n e w l y  e l e v a t e d  m u d  f la t  f o r  d i f f e r e n t  p lan t  
c o m m u n i t i e s  a s s o c i a t e d  w i t h  t h e s e  w e t l a n d  e c o s y s t e m s  ( S a s s e r
1 9 7 7 ) .
M A N A G E M E N T  I M P L I C A T I O N S :  In te r  t idal s e d i m e n t  f e n c e s  do  not
o f  t h e m s e l v e s  r e v e r s e  the  l a r g e r  s c a l e  p r o c e s s e s  that  h a v e  led  to  
w e t l a n d  lo ss ,  n o r  d o  th e y  a f f e c t  s u b m e r g e n c e  p o t e n t i a l  in a n y  w a y .  
It  is l i k e ly  tha t  the  m o s t  w i d e s p r e a d  use  o f  in te r  t idal  s e d i m e n t  
f e n c e s  in the  f u tu r e  in L o u i s i a n a  wil l  not  be in a s t a n d - a l o n e  m o d e  
f o r  l o w - c o s t  s h o r e l i n e  p r o t e c t i o n  bu t  to  h a s t e n  the  a p p e a r a n c e  o f  
v e g e t a t i o n  in a r e a s  r e c e i v i n g  n e w  in p u t s  o f  s u s p e n d e d  c la y s .  In
th is  c o n t e x t ,  s e d i m e n t  f e n c e s  c a n  be d e s i g n e d  to p r o m o t e
d e p o s i t i o n  at p r e f e r r e d  l o c a t i o n s  an d  s c u l p t u r e  the  l a n d s c a p e .  If  
p l a c e d  w e l l ,  s u c h  f e n c e s  wil l  b e c o m e  v e g e t a t e d  a n d  b u r ie d  b e f o r e  
r e f u r b i s h m e n t  is  n e c e s s a r y  a n d  the  m a r s h  f o r m e d  on  the 
p l a t f o r m s  c r e a t e d  wil l  c o n t i n u e  to e x p a n d  as  the  p l a n t s  c a p t u r e  
s u f f i c i e n t  s e d i m e n t  to  o f f s e t  the  s u b s i d e n c e  p r o c e s s e s .
W A T E R  D E P T H .  P o ten t i a l  a reas  fo r  f en c e s  n e e d  to h a v e  a high 
e n o u g h  in i t i a l  s e d i m e n t  e l e v a t i o n  to  e x p e c t  r e - v e g e t a t i o n  b e f o r e  
d e t e r i o r a t i o n  o f  the  f e n c e .  In L a B r a n c h e  the  r e q u i r e d  e l e v a t i o n  
i n c r e a s e  w a s  5 c m  w h i c h  w a s  a c c o m p l i s h e d  a f t e r  t w o  yea rs .  In 
L e e v i l l e  the  i n c r e a s e  in t h r e e  y e a r s  w a s  10 c m  an d  the  e l e v a t i o n  
f o r  r e - v e g e t a t i o n  is not  r e a c h e d  yet .  In L o u i s i a n a ,  C h r i s t m a s  t rees  
d e c o m p o s e  in a p p r o x i m a t e l y  t h r e e  to f o u r  y e a r s .  C o n s e q u e n t l y ,  the 
f e n c e s  c o u l d  be  r e s t o c k e d  wi th  t r e e s  un t i l  v e g e t a t i o n  on  the f e n c e s  
is o b s e r v e d .  B e c a u s e  o f  the  a p p a r e n t  n o n - l i n e a r  n a tu r e  o f  the 
p r o c e s s e s  i n v o l v e d  fo r  c h o o s i n g  the  o p t i m u m  e l e v a t i o n ,  s i m u l a t i o n  
m o d e l i n g  ( W i e g e r t  e t  al.  1975)  is a d v i s e d  to a s s u r e  an e l e v a t e d  
m u d  f la t  b e f o r e  the d e c o m p o s i t i o n  o r  d e s t r u c t i o n  o f  the  f ence .
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S E D I M E N T S :  F o r  s e d i m e n t  f e n c e s  to  i n c r e a s e  e l e v a t i o n  th e re  m u s t
b e  a  s u p p l y  o f  s u s p e n d e d  s e d i m e n t s .  T h e  m e a s u r e d  s u s p e n d e d  
s e d i m e n t  c o n c e n t r a t i o n s  at  the  t w o  s i t e s  w e r e  r a t h e r  l o w  ( T a b l e  
5 . 1 )  a n d  e q u a l e d  c o n c e n t r a t i o n s  r e p o r t e d  fo r  e s t u a r i e s  d u r i n g  f a i r  
w e a t h e r  c o n d i t i o n s  w h i c h  a re  no t  d i r e c t l y  fed by  r i v e r  d i s c h a r g e  
( A n d e r s o n  1972 ;  S t u m p f  1983 ) .  N e i t h e r  o f  the  t w o  s i t e s  a re  
r e c i p i e n t s  o f  r i v e r  d i s c h a r g e s ,  so  the  on ly  r e g u l a r  s o u r c e  o f  
s e d i m e n t s  is l oca l  r e s u s p e n s i o n  d u r i n g  s t o r m s  ( S t e v e n s o n  et  al. 
1 9 8 5 ) .  T h e  r e d u c e d  w a v e  e n e r g y  b e h i n d  the  f e n c e s  c r e a t e d  a 
s p a t i a l l y  p r e f e r r e d  l o c a t i o n  f o r  s e d i m e n t a t i o n .  T h e  e f f e c t  o f  
s e d i m e n t  f e n c e s  on  m a r s h  c r e a t i o n  c a n  be i m p r o v e d  by  p r o v i d i n g  
s e d i m e n t  s o u r c e s  in a d d i t i o n  to  loca l  r e s u s p e n s i o n .
R e - v e g e t a t i o n  in  t h e s e  e x a m p l e s  o c c u r r e d  w i t h o u t  p l a n t i n g .  
P o t e n t i a l l y ,  o n e  c o u l d  c o n s i d e r  p l a n t i n g  a f t e r  a c e r t a i n  e l e v a t i o n  
a n d  s e d i m e n t  c o n s o l i d a t i o n  h a s  b e e n  r e a c h e d  a n d  r e - v e g e t a t i o n  
h a s  n o t  b e e n  o b s e r v e d .  O t h e r  s tu d i e s  h a v e  s h o w n  f u r t h e r  
e l e v a t i o n  i n c r e a s e s  w h e n  v e g e t a t i o n  w a s  p r e s e n t  d u e  to  o r g a n i c  
m a t t e r  p r o d u c t i o n  ( N y m a n  an d  D e L a u n e  1 9 9 0 )  a n d  c o n s e q u e n t l y  
m o r e  r e d u c t i o n  o f  the  w a v e  e n e r g y  ( K n u t s o n  et al. 1981;  B e n n e r  et 
al. 1982 ;  K n u t s o n  et  al. 1990;  N y m a n  and  D e L a u n e  1990) .  .
CHAPTER 6
M O D E L I N G  I M P A C T S  O F  M A N A G E M E N T  M E A S U R E S  O N  F R A G I L E
C O A S T A L  W E T L A N D S
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I N T R O D U C T IO N
T h e  a l a r m i n g  r a t e  o f  w e t l a n d  lo ss  in L o u i s i a n a  m e n t i o n e d  in 
p r e v i o u s  c h a p t e r s  h a s  g e n e r a t e d  m a n y  i d e a s  on  m a r s h  
m a n a g e m e n t  s t r a t e g i e s  t w o  o f  w h i c h ,  h a v e  b e e n  d i s c u s s e d  in m o r e  
d e ta i l .  T h e s e  t w o  s t r a t e g i e s ,  m a r s h  m a n a g e m e n t  a n d  the  
c o n s t r u c t i o n  o f  s e d i m e n t  f e n c e s ,  d i f f e r  in the  p r o c e s s e s  w h i c h  they  
t e n d  to  r e g u l a t e .  M a r s h  m a n a g e m e n t  f a v o r s  the  i d e a  th a t  h a b i t a t  
c a n  b e  r e s t o r e d  b y  r e g u l a t i n g  th e  h y d r o l o g y ,  w h i l e  b r u s h  f e n c e s  
a l t e r  w e t l a n d  s e d i m e n t  d y n a m i c s .  O t h e r  s t r a t e g i e s ,  l i k e  f r e s h  
w a t e r  d i v e r s i o n  a n d  d i s t r i b u t i o n  o f  d r e d g e d  m a t e r i a l s  ( S u h a y d a  et 
al.  1 9 9 1 )  a re  d e s i g n e d  to  i n c r e a s e  s u s p e n d e d  s e d i m e n t  l o a d s .
I c o n s t r u c t e d  a c o m p u t e r  s i m u l a t i o n  m o d e l  ( W i e g e r t  et  al. 1975)  to 
t es t  the  e f f e c t  o f  e a c h  o f  t h e s e  fo u r  s t r a t e g i e s  i n d i v i d u a l l y  an d  in 
c o m b i n a t i o n  on  m a r s h  h a b i t a t  i m p r o v e m e n t  in a L o u i s i a n a  c o a s t a l  
w e t l a n d .  In  the  m o d e l ,  m a r s h  h a b i t a t  is f a v o r e d  a g a i n s t  o p e n  
w a t e r  a t  h i g h e r  e l e v a t i o n s  ( C h a p t e r  2)  w i th  f a i r l y  c o m p a c t e d  or  
m a t u r e  s u b s t r a t e s  o f  c l a y s  a nd  o r g a n i c  m a t e r i a l s  ( C h a p t e r  4; 
( C h a b r e c k  1 9 7 2 ) ) .
M O D E L  H I S T O R Y :  T h e  m o d e l  w a s  d e v e l o p e d  to e l a b o r a t e  on the 
p r o c e s s e s  s u m m a r i z e d  by K s e d  in the P B S  m o d e l  ( C h a p t e r  2) ,  and  
w a s  u p d a t e d  f o l l o w i n g  n e w  o b s e r v a t i o n s  in c o n j u n c t i o n  w i t h  the 
f l u x  ( C h a p t e r  3 ) a n d  s e d i m e n t  f e n c e  e x p e r i m e n t s  ( C h a p t e r  5) .  T h e  
m o d e l  w a s  a d a p te d  to the G e n e r a l  E c o l o g i c a l  M o d e l  ( G E M )  
c o n v e n t i o n s  (F i t z  e t  al.  in p r e s s )  to i n c l u d e  the  o p t io n  fo r  spa t i a l  
s i m u l a t i o n .  G E M  is a l a n d s c a p e  m o d e l i n g  c o n c e p t  p r e s e n t l y  b e in g  
d e v e l o p e d  by a g r o u p  o f  s c i e n t i s t s  f r o m  d i f f e r e n t  u n i v e r s i t i e s  in 
the  U n i t e d  S ta te s .  T h e  e f f o r t  is b a s e d  on  e a r l i e r  w o r k  o f  spa t i a l  
m o d e l i n g  p u b l i s h e d  by ( C o s t a n z a  et  al. 1988) .  A l t h o u g h  G E M  is 
st i l l  in the  d e v e l o p m e n t  s t a g e ,  the  e v e n t u a l  r e s u l t  wil l  be  a g e n e r i c  
s p a t i a l  m o d e l i n g  p a c k a g e  w h e r e  p r o c e s s e s  a re  i n i t i a t e d  by 
d y n a m i c  S T E L L A T M  m o d e l s ,  an d  in i t ia l  c o n d i t i o n s  are  i m p o r t e d  by
g e o g r a p h i c a l  i n f o r m a t i o n  s y s te m s .  G E M  o u t p u t  wil l  be in a G1S 
f o r m a t  to  a l l o w  s p a t i a l  c a l i b r a t i o n  a n d  v e r i f i c a t i o n  o f  the  s i m u l a t e d  
r e s u l t s .
M ETH O D S
M O D E L  D E V E L O P M E N T :  T h e  g ene ra l  c o n c e p tu a l  m o d e l  
r e p r e s e n t i n g  the  d y n a m i c s  o f  w i n d ,  w a t e r ,  soi l  a n d  v e g e t a t i o n  is 
p r e s e n t e d  in F i g u r e  6.1.  It i n c l u d e s  f iv e  s ta te  v a r i a b l e s :  Soi l  
o r g a n i c  m a t t e r ,  So i l  m i n e r a l  m a t t e r ,  s u s p e n d e d  m i n e r a l s ,  p o r e  
s p a c e  a n d  w a v e  e n e r g y .  It w a s  t r a n s l a t e d  fo r  m a t h e m a t i c a l  
r e p r e s e n t a t i o n  in the  S T E L L A T M  m o d e l i n g  l a n g u a g e  ( A p p e n d i x  B) .  
S t a te  v a r i a b l e s  w e r e  c a l c u l a t e d  in un i ts  o f  w e i g h t  ( K G  fo r  
s u s p e n d e d  a n d  d e p o s i t e d  s e d i m e n t s ) ,  v o l u m e  ( m ^  fo r  p o r e  s p a c e )  
a n d  w a v e  e n e r g y  ( J o u l e  p e r  m ^ ) .
D Y N A M I C S :  T w o  s ta te  v a r i a b l e s ,  w a v e  e n e r g y  and  po re  s p a c e  
r e p r e s e n t  h y d r o d y n a m i c s  an d  soi l  f o r m a t i o n  in the  m o d e l .  W a v e  
e n e r g y ,  c a l c u l a t e d  u s in g  the  L i n e a r  W a v e  T h e o r y  ( U S C O E  1984) ,  
w a s  lost  to b o t t o m  f r i c t ion ,  an d  w a s  g a in e d  by w i n d  s t r ess .  Po re  
s p a c e  w a s  los t  to  c o m p a c t i o n ,  a n d  g a i n e d  w i th  n e w l y  d e p o s i t e d  
s e d i m e n t s  an d  b o t t o m  f r i c t i o n .
W a v e  e n e r g y  g e n e r a t e s  a w a v e  s h e a r  s t r e s s  w h i c h  is the  m a i n  
p o t e n t i a l  e r o s i o n a l  f o rc e  on the  d e p o s i t e d  s u b s t r a t e s  ( G r a n t  an d  
M a d s e n  1979) .  L o s s  o f  w a v e  e n e r g y  t h r o u g h  b o t t o m  f r i c t i o n  
o c c u r s  m a i n l y  u n d e r  s h a l l o w  w a t e r  c o n d i t i o n s ,  r e a c h e d  w h e n  the 
w a v e  h e ig h t  to w a t e r  d e p th  ra t io  e x c e e d s  0 .7 8  ( U S C O E  1984) .  A n  
a d d i t i o n a l  7 3 %  o f  w a v e  e n e r g y  is d i s s i p a t e d  w h e n  s e d i m e n t  f e n c e s  
a re  m o d e l e d  ( C h a p t e r  5).  W a v e  e n e r g y  e x p o r t  is p r o p o r t i o n a l  to 
the  w a v e  g r o u p  v e l o c i t y ,  the  w a v e  e n e r g y  a n d  t r a v e l i n g  d i s t a n c e  
w i th in  a cel l  (eq 3 - 3 9  in U S C O E  1984) .
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"Plant '  
B i o m a s s
Cell  a r e a
l_N W a v e
E nergy
W a ter
E r o s
S e d im e n t
M in e r a l s
D e p o s i t e d
S e d i m e n t s
O rg a n ic s
P o r e
S p a c e
CL
CD
F i g u r e  6.1 T h e  c o n c e p t u a l  r e p r e s e n t a t i o n  o f  the  G E M  
h y d r o d y n a m i c  a n d  f l u x  m o d u l e s .
P o r e  s p a c e  in w e t l a n d  so i l s  o c c u p i e s  a l a rge  p e r c e n t a g e  o f  the total  
soi l  v o l u m e  ( M e a d e  1972) .  I n c r e a s e s  in po re  sp a c e  are  a s s o c i a t e d  
w i th  n e w  d e p o s i t s ,  w h i l e  d e c r e a s e s  o c c u r  t h r o u g h  c o m p a c t i o n  as  
t h e  c l a y  s e d i m e n t s  m a t u r e .  D r a i n a g e  a c c e l e r a t e s  m a t u r a t i o n  
d u r i n g  n o n  f l o o d e d  c o n d i t i o n s  ( P o n s  an d  M o l e n  1973 ) .  E n e r g y  
t r a n s f e r  f r o m  w a v e  e n e r g y  i n to  the  soil  c o u n t e r a c t s  c o m p a c t i o n  by 
k e e p i n g  soil  p a r t i c l e s  in m o t i o n  ( C l u k e y  et  al. 1985;  C h o u  et al.
1 9 9 1 ) .
E r o s i o n  w a s  e s t i m a t e d  p r o p o r t i o n a l  to  t h e  w a v e  s h e a r  s t r e s s  
e x c e e d i n g  t h e  s o i l - s h e a r - r e s i s t a n c e .  T h e  s o i l - s h e a r - r e s i s t a n c e  O r  
in k g / m 2 )  i n c o r p o r a t e s  r o o t  m a t  d e n s i t y  ( % R ) ,  the  o r g a n i c  c o n t e n t  
o f  the  soil  ( % O M ) ,  and  the  p e rc e n t  po re  s p a c e  o r  p o r o s i t y  ( % P )  (eq
1). F u r t h e r  r e s e a r c h  wil l  h a v e  to tes t  a n d  c a l i b r a t e  th is  
r e l a t i o n s h i p  a g a i n s t  a p p r o p r i a t e  d a t a  se ts .
e q  1
1 + %R
t r -  0.5 • ----------------------
1 +  %OM + %P
D e p o s i t i o n  o c c u r s  w h e n  the  s t r e n g th  o f  the  s u s p e n d e d  s e d i m e n t  
c o n c e n t r a t i o n  e x c e e d s  the  s h e a r  s t r e ss  ( M c C a v e  1984 ;  K e m p  1986) .
F L U X E S :  T h e  m o d e l  i n c l u d e s  f lu x e s  fo r  w a t e r  an d  fo r  s u s p e n d e d  
a n d  d e p o s i t e d  s e d i m e n t s .  T h e  d e t a i l e d  h y d r o l o g i c a l  m o d u l e  in 
G E M ,  w h i c h  s i m u l a t e s  w a t e r  f l u x e s  b e t w e e n  a d j a c e n t  c e l l s ,  w a s  
r e p l a c e d  w i th  a s in g l e  w a t e r  level  f o r c i n g  f u n c t i o n  to  s i m u l a t e  
w a t e r  e x c h a n g e s .  P o s i t i v e  d i s c h a r g e s  i m p o r t  w a t e r  w i th  c o n s t a n t  
s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s ,  w h i l e  n e g a t i v e  d i s c h a r g e s  
e x p o r t  w a t e r  w i th  s i m u l a t e d  c o n c e n t r a t i o n s .  D e p o s i t i o n  an d  
e r o s i o n  r e g u l a t e  t h e  v e r t i c a l  s e d i m e n t  f lux  b e t w e e n  the  s u s p e n d e d  
s e d i m e n t s  a n d  the  d e p o s i t e d  s e d i m e n t s .  An  a l t e r n a t i v e  v e r t i c a l  
d r a i n  on  d e p o s i t e d  s e d i m e n t s  is s i n k i n g  b e l o w  the  d a t u m ,  d u e  to 
s u b s u r f a c e  p r o c e s s e s  s u c h  as  s u b s u r f a c e  c o m p a c t i o n  f a u l t i n g  a n d  
g e o l o g i c a l  d o w n  w a r p .
T h e  b u d g e t s  fo r  soil  o r g a n i c  m a t t e r  an d  soil  m in e r a l  m a t t e r  w e r e  
s im i l a r ,  e x c e p t  fo r  b e l o w  g r o u n d  d e c o m p o s i t i o n .  O r g a n i c  m a t t e r  
a d d e d  to t h e  soi l  is h a b i t a t  d e p e n d e n t  a n d  r e p r e s e n t  t y p ic a l  l i t ter  
fal l  v a lu e s .  E r o d e d  o r g a n i c s  are  e x p o r t e d  f r o m  the  m o d e l  a n d  not  
f u r t h e r  a c c o u n t e d  for .
M O D E L  A P P L I C A T I O N :  I c a l i b r a t e d  the m o d e l  p a r a m e t e r s  to
a c h i e v e  the  s y s t e m ’s b e h a v i o r  o b s e r v e d  in the  e a r l i e r  c h a p t e r s .
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M o d e l  o u t p u t  w a s  to tal  c h a n g e  a f t e r  a 100  h p e r i o d ,  c a l c u l a t e d  in 
h o u r l y  t i m e  s t e p s .  S i m u l a t e d  e l e v a t i o n  c h a n g e  a n d  s e d i m e n t a t i o n  
w e r e  e x t r a p o l a t e d  to  y e a r l y  r a t e s  an d  c o m p a r e d  to  S E T  r e a d i n g s  
( C h a p t e r  4)  a n d  s h o r t  t e r m  s e d i m e n t a t i o n  r a t e s  ( C h a p t e r  3) 
r e s p e c t i v e l y .  W a t e r  l ev e l  c h a n g e s  w e r e  s i m u l a t e d  b a s e d  on  ty p ic a l  
t ida l  r a n g e s  ( C h a p t e r s  3 an d  5) ,  w h i l e  the  w i n d  s p e e d  and  w i n d  
d i r e c t i o n  d a t a  se t s  w e r e  c o l l e c t e d  at the  N e w  O r l e a n s  a i r p o r t ,  and  
m a d e  a v a i l a b l e  by  the  L o u i s i a n a  S ta te  C l i m a t o l o g y  o f f i ce .  A 
p r e v i o u s  run  o f  the  m o d e l  ( C o a s t a l  z o n e  1993 )  i n c l u d e d  d a t a  
c o l l e c t e d  d u r i n g  H u r r i c a n e  A n d r e w  ( A u g u s t  26  1 9 9 2 )  a n d  c o v e r s  
t h e  p e r i o d  b e t w e e n  2 : 0 0  p m  A u g u s t  1 2 , 1 9 9 2  a n d  1 2 : 0 0  a m  A u g u s t  
3 0  1992  at u s in g  h o u r l y  w a t e r  l ev e l s  a nd  w in d  d a t a  c o l l e c t e d  in 
t h e  L a B r a n c h e  w e t l a n d s .  S o m e  r e s u l t s  o f  th is  run  wil l  be used  to 
d i s c u s s  the  p u l s e d  e f f e c t  o f  s t o r m s  on w e t l a n d  e l e v a t i o n .
C A L I B R A T I O N :  T h e  m o d e l  w a s  c a l i b ra t e d  to no t  e x c e e d  10 c m / y r
in e l e v a t i o n  c h a n g e s  to r e s e m b l e  the  s a m e  o r d e r  o f  m a g n i t u d e  
m e a s u r e d  w i th  the  S E T  on  in te r  t idal  m u d  f la ts  ( C h a p t e r  5). T a b l e  
6 . 1  s h o w s  the  in i t ia l  c o n d i t i o n s  an d  r a t e  c o n s t a n t s  a f t e r  c a l i b r a t i o n .
T h i s  t y p e  o f  c a l i b r a t i o n  r e p r e s e n t s  the  “ b a l l p a r k ” leve l ,  or  
p r e l i m i n a r y  p h a s e  o f  m o d e l  d e v e l o p m e n t  ( F i t z  e t  al. in p ress ) .  A 
m o d e l  c a l i b r a t e d  at th is  s t a g e  s h o u ld  a l l o w  the  i n i t i a t i o n  o f  
s e n s i t i v i t y  a n a l y s e s  a n d  the  p r o c e s s  o f  r e f i n i n g  the  m o d e l  w i th  
m o r e  s p e c i f i c  d a t a  sets .
S I M U L A T I O N :  T h e  s e n s i t i v i t y  a n a l y s e s  w a s  d i r e c t e d  to  tes t  the 
e f f e c t s  o f  the  p r e v i o u s l y  m e n t i o n e d  m a n a g e m e n t  o p t i o n s  on 
c h a n g e s  in e l e v a t i o n ,  p o r o s i t y  a n d  the  to tal  a m o u n t  o f  s e d i m e n t s  
t r a p p e d .  S i m u l a t i o n s  w i th  a 7 6 %  w a v e  e n e r g y  r e d u c t i o n  m i m i c k e d  
the  i m p a c t  o f  b r u s h  f e n c e s  ( C h a p t e r  5) ,  e l i m i n a t i n g  t idal  r a n g e  
r e p r e s e n t e d  the  L o u i s i a n a  m a r s h  m a n a g e m e n t  o p t i o n s  ( C h a p t e r  3) ,  
w h i l e  i n c r e a s e d  l e v e l s  o f  s u s p e n d e d  s e d i m e n t s  r e p r e s e n t e d  
s e d i m e n t  d i v e r s i o n  t e c h n i q u e s  ( T a b l e  6 .2 ) .  I a l s o  c o m p a r e d  the 
e f f e c t  o f  l o w e r  w a t e r  l e v e l s  a nd  d e c r e a s e d  p o r o s i t i e s  on  f u r t h e r
d e v e l o p m e n t s  o f  s e d i m e n t  e l e v a t i o n  a n d  soi l  c o m p a c t i o n ,  as  
d i s c u s s e d  in  c h a p t e r  5.
RESULTS
A f t e r  c a l i b r a t i o n ,  the  r e s u l t s  o f  the  m o d e l  i n d i c a t e  a f a i r ly  r ea l i s t i c  
r e p r e s e n t a t i o n  o f  e l e v a t i o n  c h a n g e  in i n t e r  t id a l  c o a s t a l  w e t l a n d s .  
S e n s i t i v i t y  a n a l y s i s  p r o v e d  to  be u s e fu l  in u n d e r s t a n d i n g  the  
i m p o r t a n c e  o f  t h e  i n d i v i d u a l  d y n a m i c s  a n d  f l u x e s  at d i f f e r e n t  
e l e v a t i o n  l e v e l s  w i t h i n  t h e  t ida l  r a n g e .
I N C R E A S E D  S E D I M E N T  F L U X :  T h e  m o d e l e d  s y s te m  p r o v e d  to be 
v e r y  s e n s i t i v e  to  i n c r e a s e d  f l u x e s  o f  s u s p e n d e d  s e d i m e n t s .  
E l e v a t i o n  i n c r e a s e s  c o u l d  on ly  o c c u r  w i th  the a d d i t i o n  o f  n e w  
s u s p e n d e d  m a t e r i a l s ,  w h i c h  m a d e  the  s e d i m e n t  d i v e r s i o n  a n d  
d i s t r i b u t i o n  t e c h n i q u e s  t h e  m o s t  s u c c e s s f u l  ( T a b l e  6 .2 ) .  T h i s  
c o n c l u s i o n  is in a g r e e m e n t  w i th  c h a p t e r s  2 an d  3 a n d  w i th  the 
c o n c l u s i o n s  o f  ( B a u m a n n  et  al.  1984 ;  T e m p l e t  a n d  M e y e r - A r e n d t  
1 9 88 ;  P e n l a n d  et  al. 1990 ) .  T h e  n e w l y  d e p o s i t e d  s e d i m e n t s  
i n c r e a s e d  s e d i m e n t  p o r o s i t y  a n d  c r e a t e d  u n m a t u r e  s u b s t r a t e s .
T h e  s i m u l a t e d  r a t e s  o f  s e d i m e n t  d e p o s i t i o n  w e r e  an o r d e r  o f  
m a g n i t u d e  l a r g e r  t h e n  the  sh o r t  t e r m  d e p o s i t i o n  r a t e s  o b s e r v e d  in 
c h a p t e r  3, bu t  f i t ted  wel l  w i th in  the f i n d i n g s  o f  ( R e e d  1992) .  T h e  
s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  a t  R o c k e f e l l e r  a n d  F i n a  w e r e  
l o w e r  th a n  the  h i g h e r  v a l u e s  i n i t i a t e d  in the  m o d e l .  ( R e e d  1992 )  
r e p o r t e d  s h o r t  t e r m  d e p o s i t i o n s  s i m i l a r  to  the  m o d e l  v a l u e s  at 
t i m e s  w h e n  i n c r e a s e d  s u s p e n d e d  s e d i m e n t  l o a d s  a r e  e x p e c t e d .
D E C R E A S E D  T I D A L  R A N G E :  T h e  e l im in a t io n  o f  the tidal  r an g e  had 
the  m o s t  n e g a t i v e  e f f e c t  on  e l e v a t i o n  ( T a b le  6 .2 ) ,  w h i c h  in d i c a t e s  
t h a t  t h e  L o u i s i a n a  m a r s h  m a n a g e m e n t  t e c h n i q u e  is the  lea s t  
e f f e c t i v e  o p t io n  to  p r o m o t e  s e d i m e n t a t i o n .  S e d i m e n t  f lux  d id  not  
o c c u r ,  an d  n o  n e w  s e d i m e n t s  w e r e  t r a p p e d .  A g e n e r a l  lo ss  in 
e l e v a t i o n  o c c u r r e d  t h r o u g h  c o m p a c t i o n .  T h e  d e c r e a s e  o f  s e d i m e n t  
f lu x  tha t  r e s u l t s  in a d e c r e a s e  o f  t r a p p e d  s e d i m e n t s  b e c a u s e  o f
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s m a l l e r  t id a l  r a n g e s  is s u p p o r t e d  b y  th e  f i n d i n g s  in  c h a p t e r  3 and  
a l s o  by  ( R e e d  1992) .
T a b l e  6.1 In i t ia l  c o n d i t i o n s  a n d  r a t e  c o n s t a n t s  a f t e r  c a l i b r a t i n g  the  
G E M  h y d r o d y n a m i c  a n d  s e d i m e n t  f lu x  m o d u l e  f o r  s h a l l o w  in te r  
t ida l  w a t e r  b o d ie s ,  a t  h o u r l y  t im e  s te p s .  G E M  is a m o d e l i n g  
a p p r o a c h  w i t h  the  u s e  o f  c o m p u t e r  s i m u l a t i o n  ( W i e g e r t  e t  al. 1 9 7 5 )
Model Component Parameter value units
State variables: Wave_Energy 0 .5 J /c e l l
Suspended Matter 0 k g /c e l l
Soil mineral matter 6 5 0 0 0 k g /c e l l
Soil organic matter 5 5 0 0 k g /c e l l
Pore space 2 0 m 3 /c e l l
Soil sediment Sediment elevation 5 0 cm
cell_area 1 0 0 m2
Mineral matter density 2 .6 k g * I -1
Organic matter density 1.1 k g * I  -1
Flux Mean water depth 3 0 cm
Tidal range 1 5 cm
TSS of in coming water 2 0 0 mg * l - 1
Rate constants Compaction:
Loss of pore space (flooded) 6.7 *10-5 % • h -1
Loss of pore space (drained) 6.7 *10-4 % • h -1
Decomposition:
Loss of Soil organics 1 * 1 0 - 6 % • h -1
Downwarp 0 c m * y - 1
F E N C E  E F F E C T S :  S i m u l a t i n g  the  e f fec t  o f  a f e n c e  as o n ly  a d e c re a s e  
in w a v e  e n e r g y  ( F i g u r e  6 .2 ,  T a b l e  6 .2 )  c a u s e d  s l i g h t ly  a c c e l e r a t e d
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i n c r e a s e s  o f  d e p o s i t e d  s e d i m e n t s  a n d  c o n s e q u e n t l y  i n c r e a s e d  
s e d i m e n t  e l e v a t i o n .  T h i s  a g r e e s  w i th  t h e  g e n e r a l  t r e n d  o f  
a c c e l e r a t e d  i n c r e a s e s  in e l e v a t i o n  a d j a c e n t  to  f e n c e s  ( C h a p t e r  5)  
bu t  d o e s  n o t  a c c o u n t  f o r  the  m u c h  l a r g e r  d i f f e r e n c e s  t h a t  w e r e  
m e a s u r e d .  T h e  o u t p u t  a l s o  d i d  n o t  i n d i c a t e  a n y  m a t u r i n g  o f  the  
s u b s t r a t e  u n d e r  i n f l u e n c e  o f  the  f e n c e  as  w a s  o b s e r v e d  in c h a p t e r  
5 . P r o b a b l y  the  100  h t i m e  p e r i o d  w a s  is t o o  sh o r t  to s h o w  such  
an  e f f e c t  ( M e a d e  1966) .
E l e v a t i o n  i n c r e a s e s  a c c e l e r a t e d  a f t e r  t h e  f e n c e  t r e a t m e n t  i n c l u d e d  
d e c r e a s e  o f  w a v e  e n e r g y  a n d  a m o r e  c o m p a c t e d  o r  m a t u r e d  
s u b s t r a t e  ( C h a p t e r  5 , T a b l e  6 .3 ) .  T h e  l o w e r  s u b s i d e n c e  r a t e s  
a s s o c i a t e d  w i th  t h e  m o r e  c o m p a c t e d  so i l s  a l l o w e d  f o r  a c c e l e r a t e d  
e l e v a t i o n  i n c r e a s e s .
T h e  e f f e c t  o f  the  f e n c e  s i m u l a t e d  as  t h e  d e c r e a s e  in w a v e  e n e r g y  
p l u s  an e l e v a t e d  s u r f a c e  w a s  s i m u l a t e d  by  i n i t i a t i n g  
u n c o n s o l i d a t e d  s u b s t r a t e  a t  l o w e r  m e a n  w a t e r  d e p t h s .  T h i s  s l o w e d  
th e  e l e v a t i o n  i n c r e a s e ,  l o w e r e d  t h e  s e d i m e n t  lo a d  t r a p p e d  an d  
i n c r e a s e d  p o r e  s p a c e  in t h e  s u b s t r a t e  ( T a b le  6 .4 ) .  S i m i l a r  f i n d i n g s  
o f  l o w  e l e v a t i o n  i n c r e a s e s  o r  e v e n  d e c r e a s e s  w e r e  o b s e r v e d  in 
c h a p t e r  5 and  by  ( B o u w e r s m a  et  a l.  1 9 8 6 )  a n d  ( A n d e r s o n  et al.
1981) .  T h e  l o w e r  w a t e r  d e p t h s  c a u s e  a c h a n g e  in e r o s i o n a l  
p o t e n t i a l  by  the  s m a l l e r  w a v e s  w h i l e  s h o r t e r  f l o o d  d u r a t i o n s  an d  
l e s s e r  f l o o d w a t e r  v o l u m e s  l o w e r  t h e  s u s p e n d e d  s e d i m e n t  f lu x .
T h e  i n c r e a s e d  c o m p a c t i o n  d u r i n g  the  l o n g e r  d r y  p e r i o d s  in the  
s i m u l a t i o n  w a s  not  s u f f i c i e n t  to o f f s e t  t h e  i n c r e a s e d  e r o s i o n .  T h e  
h i g h e r  e l e v a t i o n  c o u l d  n o t  be  s u s t a i n e d .
S i m u l a t i n g  the  s e d i m e n t  f e n c e  e f f e c t  as  the  e l e v a t e d  m u d  f la t  w i th  
m a t u r e  s u b s t r a t e  a n d  l o w e r  w a v e  e n e r g i e s  s h o w e d  l o w e r  a c c r e t i o n  
r a t e s  arid l o w e r  e l e v a t i o n  i n c r e a s e s  th a n  n o n - f e n c e d  a r e a s ,  bu t  no t  
as  d r a m a t i c  c o m p a r e d  to  the  u n m a t u r e  s u b s t r a t e  ( T a b l e  6 .5 ) .  T h e  
s e d i m e n t s  d u r i n g  th is  s i m u l a t i o n  p e r i o d  m a t u r e d  an d  b e c a m e  les s  
s u s c e p t i b l e  to e r o s i o n .
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T a b l e  6 .2  S i m u l a t i o n s  o f  to ta l  s e d i m e n t a t i o n ,  c h a n g e s  o f  e l e v a t i o n  
a n d  soi l  p o r o s i t y  w e r e  d e s i g n e d  to  t es t  a s p e c t s  o f  t h r e e  
m a n a g e m e n t  a p p r o a c h e s .  D i f f e r e n t  to ta l  s u s p e n d e d  s e d i m e n t  
c o n c e n t r a t i o n s  ( T S S  0 - 2 0 0  m g » L ~ l )  c o m p a r e  h ig h  v e r s u s  l o w  n e w  
s e d i m e n t  i n p u t  t h r o u g h  f r e s h w a t e r  d i v e r s i o n  o r  d r e d g e  sp o i l  
d i s t r i b u t i o n .  A  ty p ic a l  v e r s u s  n o  t idal  r a n g e  ( 3 0 - 0  c m )  t es t s  the  
r e d u c e d  w a t e r  l eve l  c h a n g e  e f f e c t  o f  m a r s h  m a n a g e m e n t .  H i g h  
v e r s u s  r e d u c e d  w a v e  e n e r g i e s  ( 1 0 0 - 2 8 % )  tes t s  the  i m p a c t  o f  
s e d i m e n t  f e n c e s .
Model conditions
TSS (mg/l) 0 0 0 0 2 0 0 2 0 0 2 0 0  2 0 0
Wave energy (%) 1 0 0 1 0 0 2 8 2 8 1 0 0 2 8 2 8  2 8
Tidal range (cm) 3 0 0 3 0 0 3 0 3 0 0 0
Model output:
Elevation change cm/y - 0 . 4 - 0 . 4 0 - 0 . 4 6. 3 6. 4 - 0 . 4  - 0 . 4
Porosity change % 10-4 - 6 - 6 1 0 - 6 1 0 1 0 - 6 - 6
Trapped sediments g/m2/d 0 0 0 0 2 7 2 8 0 0
Initial soil porosity was 40 % and initial mean waterlevel was 30 cm
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F i g u r e  6 .2  S i m u l a t e d  w a t e r  l e v e l s  w i t h  t id e s  (• )  a n d  w i t h o u t  
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F i g u r e  6 .3 .  S i m u l a t e d  w a v e  e n e r g i e s  w i t h o u t  s e d i m e n t  f e n c e s  (*) 
an d  w i th  s e d i m e n t  f e n c e s  ( c) .
N e x t  to l igh t  an d  n u t r i e n t s ,  the  c a p a b i l i t y  to  w i t h s t a n d  th e  p h y s i c a l  
e n e r g y  in the  w a t e r  c o l u m n  d u r i n g  f l o o d i n g  p e r i o d s  is  the  m o s t  
i m p o r t a n t  e n v i r o n m e n t a l  c o n d i t i o n  n e c e s s a r y  to  e n s u r e  
c o l o n i z a t i o n  a n d  the  s u r v i v a l  o f  m a r s h  v e g e t a t i o n  ( V a n  E e r d t  1985 ;  
F o o t e  an d  K a d l e c  1988) .  1 w o u l d  a rg u e  tha t  th is  r e s i s t a n c e  is
g r e a t l y  i m p r o v e d  w i th  a m o r e  c o m p a c t e d  soil  to  p r o v i d e  m a t r ix  fo r  
the  p l a n t  r o o t s  t h e r e f o r e ,  p l a n t  g r o w t h  a n d  s u r v i v a l  is e n h a n c e d
T H E  E F F E C T  O F  S T O R M S :  T h e  m o d e l ,  in i t ia ted  to s im u l a t e  hu r r i c a n e  
A n d r e w  ( B o u m a n s  an d  D a y  19 9 3 ) ,  s u p p o r t e d  the  i d e a  tha t  the  
m o r e  d e n s e l y  v e g e t a t e d  m a r s h e s  a n d  w a v e  p r o t e c t e d  m u d  f la t s  
a r e  the  m o s t  e f f e c t i v e  h a b i t a t  w i t h  r e s p e c t  to  t r a p p i n g  s e d i m e n t s  
d u r i n g  s t o r m s .  T h e  m a x i m u m  s i m u l a t e d  e l e v a t i o n  i n c r e a s e  in the  
m o d e l  w a s  13.6  c m / y e a r ,  s i m i l a r  to  o u r  o b s e r v a t i o n s  in L e e v i l l e  
a f t e r  h u r r i c a n e  A n d r e w  ( C h a p t e r  5) .  C o n s i d e r i n g  the  s i m u l a t i o n s  
p r e s e n t e d  h e r e ,  t h e s e  s t o r m  d e p o s i t s  c a n  o n l y  be  i n c o r p o r a t e d  i n to  
the  s u b s t r a t e  i f  a p e r i o d  fo r  m a t u r i n g  o c c u r r e d ,  as  s t i m u l a t e d  by 
s e d i m e n t  f e n c e s  an d  d r a i n a g e  d u r i n g  n o n - f l o o d i n g  c o n d i t i o n s .
T a b le  6.3 S i m u l a t i o n s  o f  total  s e d im e n ta t i o n ,  c h a n g e s  o f  e l e v a t io n  and  soil  p o r o s i t y  w e re  d e s ig n e d  to 
test  a s p ec t s  o f  t h re e  m a n a g e m e n t  a p p r o a c h e s .  D i f f e r e n t  total  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  ( T S S
0 - 2 0 0  m g * L ' l  ) c o m p a r e  h igh  v e r s u s  low  n e w  s e d i m e n t  inpu t  t h r o u g h  f r e s h w a t e r  d i v e r s io n  o r  d r e d g e  
spoil  d i s t r ibu t ion .  A typ ica l  v e r s u s  no t idal r a n g e  ( 3 0 - 0  c m )  tes ts  the r e d u c e d  w a t e r  level c h a n g e  
e f f e c t  o f  m a r s h  m a n a g e m e n t .  H igh  w a v e  e n e r g i e s  wi th  i n c r e a s e d  pore  s p a c e  v e r s u s  r e d u c e d  w a v e  
e n e rg i e s  wi th  r e d u c e d  p o r e  s p a c e  test  the  im p a c t  o f  s e d i m e n t  fences .
*Model conditions
TSS (mg/l) 0 0 0 0 2 0 0 2 0 0 2 0 0 2 0 0
Wave energy (%) 1 00 1 00 2 8 28 1 00 1 00 28 28
Tidal range (cm) 3 0 0 3 0 0 3 0 3 0 0 0
In it.por. (% )“ 60 6 0 20 20 6 0 60 20 2 0
Model output:
Elevation change (cm/y) - 1 . 1 - 1 . 1 0 - 0 . 1 5. 8 - 1 . 1 6. 7 - 0 . 1
Porosity change (%10-4) - 2 - 2 - 3 4 - 1 0 3 6 - 2 - 5 9 - 1 0
Trapped sediments (g/m2/d) 0 0 0 0 2 7 0 2 7 0
‘ Initial mean waterlevel set to be 30 cm. 
“ Includes lesser pore space as a fence effect.
T a b l e  6 .4  S i m u l a t i o n s  o f  total  s e d im e n ta t i o n ,  c h a n g e s  o f  e l e v a t i o n  an d  soi l  po ro s i t y  w e r e  d e s ig n e d  to  
tes t  a s p e c t s  o f  th re e  m a n a g e m e n t  a p p r o a c h e s .  D i f f e r e n t  total  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  ( T S S
0 - 2 0 0  m g » L ' l )  c o m p a r e  h ig h  v e r s u s  low  n e w  s e d i m e n t  i n p u t  t h r o u g h  f r e s h w a t e r  d i v e r s i o n  or  d r e d g e  
spoi l  d i s t r ib u t io n .  A typ ica l  v e r s u s  no  t idal r a n g e  ( 3 0 - 0  c m )  tes t s  the r e d u c e d  w a t e r  level  c h a n g e  
e f f e c t  o f  m a r s h  m a n a g e m e n t .  H ig h  w a v e  e n e r g i e s  at l o w e r  e l e v a t i o n  v e r s u s  r e d u c e d  w a v e  e n e rg i e s  
h i g h e r  e l e v a t i o n  tes t  the  i m p a c t  o f  s e d im e n t  f ences .
‘ Model conditions
TSS (mg/l) 0 0 0 0 2 0 0 2 0 0 2 0 0 2 0 0
Wave energy (%) 1 00 1 00 2 8 28 1 00 1 00 2 8 2 8
Tidal range (cm) 3 0 0 3 0 0 3 0 3 0 0 0
1 nit. W L (cm )“ 3 0 3 0 1 0 1 0 3 0 3 0 1 0 1 0
Model output:
Elevation change (cm/y) - 0 . 4 - 0 . 4 - 2 - 0 . 4 6. 3 - 0 . 4 3. 9 - 0 . 4
Porosity change (%10-4) - 2 1 - 2 1 - 1 0 - 1 5 - 2 8 - 1 0
Trapped sediments (g/m2/d) 0 0 0 0 2 7 0 2 1 0
‘ Initial soil porosity set to be 40%
“ Includes lower waterlevels as a fence effect.
T a b l e  6.5 S i m u l a t i o n s  o f  total s e d im e n ta t i o n ,  c h a n g e s  of  e l e v a t i o n  an d  soil  p o r o s i t y  w e r e  d e s i g n e d  to 
tes t  a s p e c t s  o f  th ree  m a n a g e m e n t  a p p r o a c h e s .  D i f f e r e n t  to tal  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  ( T S S
0 - 2 0 0  m g » L ~ l )  c o m p a r e  h ig h  v e r s u s  low  n e w  s e d i m e n t  inpu t  t h r o u g h  f r e s h w a t e r  d i v e r s io n  or  d r e d g e  
spoi l  d i s t r ib u t io n .  A typ ica l  v e r s u s  no t idal r an g e  ( 30 -0  c m )  tes t s  the r e d u c e d  w a t e r  level  c h a n g e  
e f f e c t  o f  m a r s h  m a n a g e m e n t .  H igh  w a v e  e n e r g i e s  wi th  i n c r e a s e d  po re  s p a c e  at lo w e r  e l e v a t io n  v e r s u s  
r e d u c e d  w a v e  e n e r g i e s  w i th  r e d u c e d  po re  s p a c e  at h i g h e r  e l e v a t i o n  tes t  the  i m p a c t  o f  s e d i m e n t  f enc e s .
'Model conditions
TSS (mg/l) 0 0 0 0 2 0 0 2 0 0 2 0 0 2 0 0
Wave energy (%) 1 00 1 00 28 2 8 1 00 1 00 28 28
Tidal range (cm) 3 0 0 3 0 0 3 0 3 0 0 0
Init.WL (cm)* 60 60 20 2 0 60 60 2 0 2 0
Init. Por(%)* 3 0 3 0 1 0 1 0 3 0 3 0 1 0 1 0
Model output:
Elevation change (cm/y) - 0 . 4 - 0 . 4 - 2 - 0 . 4 6. 3 - 0 . 4 3. 9 - 0 . 4
Porosity change (%10-4) - 2 1 - 2 1 - 1 0 - 1 5 - 2 8 - 1 0
Trapped sediments (q/m2/d) 0 0 0 0 2 7 0 2 1 0
'Includes lower waterlevels and lesser pore space as a fence effect.
CONCLUSIONS
1) M o d e l  s i m u l a t i o n s  p r e d i c t e d  the  l a r g e s t  i n c r e a s e s  o f  e l e v a t i o n  
w h e n  i n i t i a t e d  w i th  a  t id a l  r a n g e  a n d  a  h ig h  s u s p e n d e d  s e d i m e n t  
i n f l u x .
2)  M o d e l  r e s u l t s  s u g g e s t  t h a t  s e d i m e n t  f e n c e s  a re  e f f e c t i v e  in 
c r e a t i n g  n e w  m a r s h  h a b i t a t  by  e n h a n c i n g  soi l  f o r m a t i o n  t h r o u g h  
c o m p a c t i o n ,  w h i c h  w a s  n e c e s s a r y  to  e n s u r e  e l e v a t i o n  i n c r e a s e s .
3)  S i m u l a t e d  w a t e r  l eve l  m a n a g e m e n t  w i th  c o n s t a n t  w a t e r  l e v e l s  
n o w  i n f l u x  o f  n e w  s u s p e n d e d  s e d i m e n t s  l ead  to  e l e v a t i o n  d e c r e a s e  
a n d  h a b i t a t  lo ss
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E l e v a t i o n s  o f  i n t e r  t ida l  c o a s t a l  w e t l a n d s  a re  c o n s t a n t l y  c h a n g e d  by  
t h e  p r o c e s s e s  o f  s e d i m e n t  f l u x ,  h y d r o d y n a m i c s ,  soi l  f o r m a t i o n ,  
p l a n t  g r o w t h  an d  s u b s u r f a c e  d y n a m i c s .  T h e  r e s u l t s  o f  the  s tu d y  
a r e  in a g r e e m e n t  w i th  o t h e r s  ( B a u m a n n  a n d  D e L a u n e  1982;
T e m p l e t  a n d  M e y e r - A r e n d t  1 9 8 8 )  w h o  r e p o r t  t h a t  the  lo ss  o f  
m a r s h  h a b i t a t  in L o u i s i a n a  is c a u s e d  by  a  g e n e r a l  d e c r e a s e  in 
r e l a t i v e  s u r f a c e  e l e v a t i o n  o f  the  c o a s t a l  p l a in .  T w o  f a c t o r s  w h i c h  
a r e  c r i t i c a l  to the  r e s t o r a t i o n  o f  m a r s h  h a b i t a t  a r e  w a v e  t u r b u l e n c e  
a n d  th e  l eve l  o f  s u s p e n d e d  s e d i m e n t s .  D e c r e a s e d  t u r b u l e n c e  an d  
i n c r e a s e d  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n s  l e a d  to  i n c r e a s e d  
m a r s h  e l e v a t i o n  a n d  m a r s h  r e - e s t a b l i s h m e n t .
T h e  s e d i m e n t  s u r f a c e  e l e v a t i o n s  o f  m a r s h e s ,  p o n d s  a n d  m u d  f la t s  
f l u c t u a t e  a r o u n d  an  e q u i l i b r i u m  e l e v a t i o n  d e t e r m i n e d  by  the  w a v e  
c l i m a t e  an d  the  t ida l  r a n g e ,  w h e r e  the  w a v e  c l i m a t e  is l im i t e d  by 
f e t c h .  W e t l a n d  e l e v a t i o n  is l o w e r e d  by  e r o s i o n  and  s u b s i d e n c e ,  
a n d  is r a i s e d  by d e p o s i t i o n  an d  r o o t  m a s s  p r o d u c t i o n .  A c h a n g e  in 
h a b i t a t  ( l a nd  ga in  o r  l and  loss )  o c c u r s  w h e n  a c h a n g e  in w a v e  
c l i m a t e  t ida l  r a n g e  o r  s u s p e n d e d  s e d i m e n t  load  a l t e r s  the 
e q u i l i b r i u m  e l e v a t i o n  at a  p a r t i c u l a r  l o c a t io n .
A l t h o u g h  a w a v e  c l i m a t e  is g e n e r a t e d  by the  a t m o s p h e r i c  
c o n d i t i o n s  o f  w i n d  s p e e d  an d  d u r a t i o n ,  the  w a v e  e r o s i o n  at a 
p a r t i c u l a r  s i te  d e p e n d s  on  the  g e o m o r p h o l o g y  o f  the  a r e a  b e c a u s e  
w a v e  s h e a r  s t r e s s  a t  a l o c a t io n  d e p e n d s  on  w a t e r  d e p th  an d  f e tc h .
E r o s i o n  an d  d e p o s i t i o n  o c c u r  at d i f f e r e n t  e n d s  o f  the  w a v e  s h e a r  
s t r e s s  d i s t r i b u t i o n .  T y p i c a l l y ,  h i g h e r  w a v e  s t r e s s e s  at the  
s e d i m e n t  s u r f a c e  d u r i n g  s h a l l o w  w a t e r  c o n d i t i o n s  c a u s e  e r o s i o n ,  
w h i l e  r e d u c e d  s t r e s s e s  a l l o w  p a r t i c l e s  to  se t t l e  f o r  d e p o s i t i o n .
E r o s i o n  is a f u n c t i o n  not  on ly  o f  a m p l i t u d e  a nd  f r e q u e n c y  o f  w i n d  
w a v e s  on p o n d  b o t to m s ,  i n t e r  t idal  f l a t s  an d  m a r s h e s ,  bu t  a l s o  the  
s h e a r  r e s i s t a n c e  o f  the  s e d i m e n t  s u b s t r a t e .  E l e v a t i o n s  h i g h e r  in
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t h e  t ida l  r a n g e  e x p e r i e n c e  m o r e  s e v e r e  w a v e  s t r e s s  w h e n  f l o o d e d  
u n d e r  s h a l l o w  w a t e r  c o n d i t i o n s ,  b u t  a l s o  a re  m o r e  l ik e ly  to  
i n c r e a s e  in s h e a r  r e s i s t a n c e  t h r o u g h  d r a i n a g e  a n d  th e  g r o w t h  o f  
p l a n t  r o o t s .
W h e n  w a v e  t u r b u l e n c e  is  l o w ,  s e d i m e n t a t i o n  s t r o n g l y  d e p e n d s  on 
th e  a v a i l a b i l i t y  o f  s u s p e n d e d  m a t e r i a l s .  T h e  p r i m a r y  s o u r c e  o f  
s e d i m e n t s  in the  a r e a s  s t u d i e d  w a s  v i a  t id a l  a d v e c t i o n  f r o m  
s u r r o u n d i n g  a r e a s .  W h e n  t id a l  e x c h a n g e  w a s  d e c r e a s e d ,  by  w a t e r  
c o n t r o l  s t r u c t u r e s ,  f o r  e x a m p l e ,  s e d i m e n t a t i o n  a l s o  d e c r e a s e d .  T h e  
l a r g e r  d e p o s i t s  a re  at l o w e r  e l e v a t i o n s  b e c a u s e  o f  l o n g e r  f lo o d  
d u r a t i o n ,  l o w e r  w a v e  s h e a r  s t r e s s e s ,  an d  a h i g h e r  s u s p e n d e d  
s e d i m e n t  s u p p l y  a s s o c i a t e d  w i th  g r e a t e r  w a t e r  d e p t h ,
V e g e t a t i o n  c o l o n i z a t i o n  w a s  g r e a t e s t  on the  m o r e  c o m p a c t e d  
s u b s t r a t e  ty p ic a l  o f  h i g h e r  e l e v a t i o n s  w i t h in  the  t idal  r a n g e .  O n c e  
v e g e t a t i o n  is e s t a b l i s h e d  it a l t e r s  the  w a v e  c l i m a t e  w h i c h  r a i s e s  
the  e l e v a t i o n .  T h e  a s s o c i a t e d  r o o t  m a s s  p r o d u c t i o n  i n c r e a s e s  the  
soi l  s h e a r  r e s i s t a n c e  an d  the  soi l  v o l u m e .
S t o r m s  ha d  a p u l s e d  e f f e c t  on s e d i m e n t  e l e v a t i o n  c a u s i n g  an  
i n c r e a s e  a b o v e  the  e q u i l i b r i u m  e l e v a t i o n .  S u c h  i n c r e a s e s  w e r e  no t  
s u s t a i n e d  u n l e s s  f e t c h  w a s  d e c r e a s e d ,  as  by s e d i m e n t  f e n c e s ,  fo r  
e x a m p l e .
R E C O M M E N D A T IO N S  FO R F U T U R E  R E SE A R C H
F I E L D  S T U D I E S :  Fu tu re  e f fo r t s  to a dd  to the u n d e r s t a n d i n g  o f
m a r s h  d e t e r i o r a t i o n  a nd  c o l o n i z a t i o n  v e r s u s  the  e l e v a t i o n  
d e v e l o p m e n t s  s h o u l d  i n c l u d e  n e x t  to  e l e v a t i o n  c h a n g e s ,  the  
p r o p e r t i e s  o f  s t r e s s  r e s i s t a n c e  a n d  r a t e s  o f  l oca l  s u b s i d e n c e .
A d d i t i o n a l  r e s e a r c h  is n e e d e d  to  c o n f i r m  or  r e j e c t  the  u se  o f  l i n e a r  
w a v e  t h e o r y  in i n t e r - t i d a l  s h a l l o w  w a t e r s
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M O D E L I N G :  T h e  G E M  h y d r o d y n a m i c  an d  f lux  m o d u l e s  n e e d  m o r e
s o p h i s t i c a t e d  c a l i b r a t i o n .  T h e  s e n s i t i v i t y  o f  the  s u b s u r f a c e  n e e d s  
to  be  t e s t e d  on the  e l e v a t i o n  d e v e l o p m e n t  w i t h in  G E M .  S pa t ia l  
r e p r e s e n t a t i o n  o f  a c a l i b r a t e d  G E M  un i t  m o d e l  is n e e d e d  to  tes t  
l a n d s c a p e  s p e c i f i c  m a n a g e m e n t  d e s i g n s .
M A N A G E M E N T  R E C O M M E N D A T I O N S
In c o m p l i a n c e  w i th  m y  f i n d i n g s  I f o r m u l a t e d  th e  f o l l o w i n g  c r i t e r i a  
t o  m a n a g e  an a r e a  f o r  e n c o u r a g i n g  s u b m e r g e d  v e g e t a t i o n  r e ­
e s t a b l i s h m e n t  in a d e t e r i o r a t e d  c o a s t a l  m a r s h :
1) I n c r e a s e  the  s u s p e n d e d  s e d i m e n t  f lux  lo a d  by  t a p p i n g  a r i v e r  
s o u r c e  a n d  a l l o w i n g  l a r g e  w a t e r  l ev e l  v a r i a t i o n s .
2)  C o n s i d e r  s e d i m e n t  f e n c e s  to  d i s c o u r a g e  e r o s i o n  an d  e n h a n c e  
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T a b l e  A . l  A N O V A  tab l e s  to tes t  the  e f f e c t  o f  c o a s t a l  a r e a  and  
m a r s h  m a n a g e m e n t  on w a t e r  q u a l i t y  p a r a m e t e r s .









0 . 7 8 7 7 1 3 6 3  
0.1 8 8 8 2 6 4 4  
0 . 3 2 3 0 7 8 1 2
7 5 . 2 5 1 6  
1 8 . 0 3 8 9  










5 3 1 6 . 5 6 5 8
9 6 4 . 8 8 2 3
9 7 0 . 0 0 1 3
1 0 8 . 4 6 5 4  
1 9 . 6 8 4 9  










4 8 7 . 9 2 0 7 5  
0 . 0 9 0 7 9  
41 .9 8 0 9
1 6 .5 1 8  
0 .0 03 1  
1 .4 2 1 2
0 . 0001
0 . 9 5 5 8
0 . 2 3 4 3






2 7 5 7 .2 7 1  8 
91 8 . 4 8 9 8  
2043 .1  695
3 0 . 9 7 1 3
1 0 . 3 1 7
22 .9 5 0 1
0 . 0001
0 . 0 0 1 5
0 . 0001
P 0 4 ( | j M o I/L) area
t reatment




7 3 . 8 7 2 8 2 5  
1 0 . 3 5 4 3 8 2  
3 . 7 6 4 8 2 5
4 4 . 2 3 9
6 .2 0 0 8
2 . 2 5 4 6
0. 0001  
0 .1 3 4  
0.1 344
Table A.2 ANOVA tables to test the effect of coastal area and
marsh management on fluxed materials.




( l / d * m 2 )
area
t reatment




1 2 6 . 9 4 5 0 8  
29.1 7201 
1 0 0 . 2 4 8 3 2
9 . 0 4 6 6  
2 .0 7 8 9  
7.1 441
0.01 69 
0.1 8 73  
0 . 0 2 8 2
TSS







0 .4 0 9 1  1 054  
0 . 1 3 9 7 7 3 6 7  
0.1 8 7 775 1
7 . 2 9 0 6
2 . 4 9 0 8
3 . 3 4 6 2
0 .02 71  
0 . 1 5 3 2  
0.1 048
NaCI
( g / d * m 2 )
area
t reatment




1 7 8 9 . 3 9 2 6  
71 .8 7 9 6  
5 8 . 5 9 3 7
3 . 0 0 9 2
0 . 1 2 0 9
0 . 0 9 8 5
0.121 
0 .7 37 1  
0.761  6
NH4







31 79 .91 06 
3 1 7 4 . 4 0 4 3  
2 9 0 9 . 6 4 3 8
2 . 3 7  
2 . 3 6 5 9  
2.1 6 8 5
0.1 623 
0.1 626  
0.1 791
N O 2/3
( |j. M 0 1 • d • m 2)
area
t reatment




4 4 6 4 6 . 6 5 7
3 9 3 1 5 . 8 2 1
4 6 3 0 2 . 4 3 4
1 .8 9 4 8  
1 .6 6 8 5  
1 .9651
0 . 2 0 6  
0 . 2 3 2 5  
0.1 986
PO4
( g M o l * d * m 2 )
area
t reatment




5 8 . 2 3 3 6 6 2  
1 .401 4 4 8  
4 9 . 5 0 6 4 3 8
3 . 9 4 0 5
0 . 0 9 4 8
3 . 3 4 9 9
0 .0 8 2 4  
0 . 7 6 6  
0.1 046
Table A.3 ANOVA tables to test the effect of coastal area and
marsh management on short term sedimentation.
Source Df Type III sum of 
squares
F ratio P>F
S S L ( g /m 2 ) area
t reatment




341 8.1 289  
2 5 8 5 . 9 5 2 7  
9 0 0 . 8 5 3 7
3 . 8 5 5 8  
2 .9 17 1  
1 .01 62
0 .0 5 1 1
0 . 0 8 9 4
0 . 3 1 4 8
C H 2 0 ( g / m 2 ) area
t reatment




1 0 6 3 . 4 2 7 7  
6 6 6 . 0 2 2 9  
2 0 6 . 2 6 1 3
2 . 5 2 6 7  




0 . 4 8 4 8
M i n ( g / m 2 ) area
t reatment
a re a ’ t reatment
1
1
6 8 0 . 4 3 1 4  
621 .51 5 0 2  
2 37 .5 1  802
6 . 8 0 7 9  
6.1 284  
2 . 3 7 6 4
0 . 0 0 9 8  
0 . 0 1 4 2  
0.1 249
T a b l e  A . 4 A N O V A  tab l e s  to test  the e f f e c t  o f  c o a s t a l  a rea  an d  
m a r s h  m a n a g e m e n t  on  so i l  c h e m i s t r y .
Source Df Type III sum of 
squares
F ratio P>F
P 0 4  (mg/kg) area
t reatment




4 0 7 4 3 . 5 8  
1 7 5 1 4 0 . 8 2  
9 4 9 4 0 .1  2
1 .7 8 8 7  
7 .6 8 8 8  
4.1 6 79
0 . 1 8 3 8
0 . 0 0 6 5
0 . 0 4 3 5
NaCI (mg/kg) area
t reatment




1 5 0 8 7 3 2 4 5  
5 9 6 7 8 6 2 3  
3 5 0 5 7 4 4 3 7
2 . 6 7 8 2  
1 .0 5 9 4  
6 . 2 2 3 2
0.1 0 45  
0 . 3 0 5 6  
0 .0 1 4 1
Organic matter (%) area
t reatment




5 5 .5 8 1  1 5 
5 . 9 8 0 8 4 9  
1 6 . 6 0 6 5 6
7 4 . 5 2 6 8  
8.01 95 
2 2 .2 6 7 1
0 .0 0 01
0 . 0 0 6 5
0 .0 00 1
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T a b l e  A . 5 T h e  A N O V A  T a b l e  to  tes t  the  e f f e c t  o f  f e t ch ,  p r o x im i t y  
to  t h e  s e d i m e n t  f e n c e ,  f i e l d  s i t e ,  s e a s o n  an d  H u r r i c a n e  A n d r e w  
( A u g u s t  1 9 9 2 )  on  the  c h a n g e  in e l e v a t i o n  an d  the  e f f e c t  o f  
h u r r i c a n e  A n d r e w  on  to ta l  e l e v a t i o n .
Source DF Type III SS Mean Square F Value Pr > F
Time 1 1 . 3 8 1 2 8 0 9 1 . 3 8 1 2 8 0 9 0 .4 3 0 . 5 1 8 3
Treatment 2 1 4 . 2 9 9 9 8 3 9 7.1 4 9 9 9 2 0 2.21 0 . 1 2 5 7
T im e 'T re a t 2 3 7 . 0 7 4 7 9 4 6 1 8 . 5 3 7 3 9 7 3 5 .7 2 0 . 0 0 7 2
Season 3 1 8 . 3 7 7 2 9 5 2 6 .1 2 5 7 6 5 1 1 .89 0 . 1 4 9 9
Time'Season 3 9 . 3 0 3 9 8 0 4 3 . 1 0 1 3 2 6 8 0 .9 6 0 . 4 2 4 3
Treat*Season 6 6 . 8 4 9 3 8 7 4 1 . 1 4 1 5 6 4 6 0 .3 5 0 . 9 0 3 7
Time*Treat*Season 6 1 2 . 9 5 0 9 4 9 4 2 . 1 5 8 4 9 1 6 0 .6 7 0 . 6 7 7 6
Area 1 0 .0 039 1  16 0 .0 0 3 9 1  1 6 0 .0 0 0 . 9 7 2 5
T im e 'A rea 1 1 . 6 0 7 4 5 4 5 1 . 6 0 7 4 5 4 5 0 .5 0 0 .48 61
A rea 'T re a t 2 3 . 0 1 4 1 2 8 7 1 . 5 0 7 0 6 4 3 0 .4 6 0 .6 3 2 1
T im e*Area*T rea t 2 8.1 5 0 254 1 4 . 0 7 5 1 2 7 0 1 .26 0 . 2 9 7 4
Area*Season 2 1 0 . 2 5 8 8 2 9 9 5.1 2941 49 1 .58 0 . 2 2 0 3
Time*Area*Season 2 7 . 0 7 0 7 7 4 8 3 . 5 3 5 3 8 7 4 1 .09 0 . 3 4 7 5
Area*Treat*Season 4 1 2 . 2 1 5 7 5 5 2 3 . 0 5 3 9 3 8 8 0 .9 4 0 .451  6
Time* Area*Trea*Seas 4 1 2 . 8 1 0 3 8 4 1 3 . 2 0 2 5 9 6 0 0 .9 9 0 . 4 2 7 3
Si te(Area*Treat *Seas) 1 2 1 1 8 . 7 9 9 7 8 2 0 9 . 8 9 9 9 8 1 8 3 .0 5 0 .0 0 5 2
Hurr icane 1 1 3.1 7 0 8 2 9 4 1 3.1 7 0 8 2 9 4 4 .0 6 0 . 0 5 1 8
Area*Hur r icane 1 9 . 6 3 4 0 4 3 6 9 . 6 3 4 0 4 3 6 2 .9 7 0 . 0 9 3 8
APPENDIX B
Ste l l a  e q u a t i o n s  a s s o c i a t e d  w i th  the  G E M  h y d r o d y n a m i c s  a n d  FI 
m o d u l e s
$ in i t i a l  c o n d i t i o n s :  
c e l l _ s i z e  = 100 
C e l l _ w i d t h  = S Q R T ( c e l l _ s i z e )
D a y M o d  =  T I M E  
H a b  = 1
h r s _ i n _ t i m e s t e p  = 1 
i c _ p o r o s i t y  =  0 .4  
i c _ S e d _ e l e v  = .5 
i c _ V _ p e r c _ 0  = .1 
i c _ W a v e _ E n e r g y  = 0 
m e a n _ w a t e r _ d e p t h  =  0 .3  
m i n _ d e n s i t y  = 2 6 0 0  
O r g _ d e n s i t y  = 1 1 0 0
P h B i o _ G P P  = IF H a b = l  T H E N  o p e n _ w a t e r  E L S E  IF H a b  =3 T H E N
E m m e r g e d _ v e g e t a t i o n  E L S E  s u b m e r g e d _ v e g
r c _ c o m p a c t i o n  = IF W a t e r _ d e p t h  > 0  T H E N  0 . 0 0 0 0 0 0 6 7  E L S E
0 . 0 0 0 0 0 6 7
r c _ d o w n w a r p  = 0
O u t _ T S S _ C  = 20  { e q u a l s  2 0 0 m g / l ]
S e a s o n a l  g r o w t h  c u r v e s  f o r  the  d i f f e r e n t  h a b i t a t  t y p e s :
B M P  E m m e r g e d _ v e g e t a t i o n  = G R A P H ( D a y M o d )
B M P  o p e n _ w a t e r  = G R A P H ( D a y M o d )
R o o t _ m a t _ d e n s i t y  = G R A P H ( H a b )  
s u b m e r g e d _ v e g  =  G R A P H ( D a y M o d )
W i n d _ d i r e c t i o n  = G R A P H ( D a y M o d )
W i n d _ s p e e d  = G R A P H (  D a y M o d )
{MA2}
S p a t i a l  h a b i t a t  d i s t r i b u t i o n  
D e f i n i t i o n  o f  the  t im e  s tep
1 4 1
$ D Y N A M I C S
P O R E _ S P A C E ( t )  = P O R E _ S P A C E ( t  - dt)  + ( P o r e _ s p _ i n c  - P o r e _ s p _ d e c )
* dt
I N I T  P O R E _ S P A C E  = i c _ p o r o s i t y * i c _ S e d _ e l e v * c e l l _ s i z e  
I N F L O W S :
P o r e _ s p _ i n c  = ( ( . 8 * D I S _ f r m _ S I S ) / 2 6 0 0 ) + 0 . 0 1  * P o r e _ e x p  
O U TFLO W S:
P o r e _ s p _ d e c  = ( ( P o r o s i t y * r c _ c o m p a c t i o n ) * P O R E _ S P A C E )  
+ ( E r o s _ M i n * P o r o s i t y ) / 2 6 0 0
W A V E _ E N E R G Y ( t )  = W A V E _ E N E R G Y ( t  - dt)  + (ga in  - loss.) * dt 
I N I T  W A V E J E N E R G Y  = .5
I N F L O W S :
ga in  = If  O b s t ruc t ion= ( )  T H E N
( W a v e _ E x _ E @ W + W a v e _ E x _ S @ N + W a v e _ E x _ N @ S + W a v e _ E x _ W @ E ) + (  1. 
2 2 5 * F l u i d _ d e n s i t y * ( L o c _ W a v e _ h e i g h t A2))  E L S E
. 2 7 * ( W a v e _ E x _ E @ W + W a v e _ E x _ S @ N + W a v e _ E x _ N @ S + W a v e _ E x _ W @ E )
+ ( 1 . 2 2 5 * F l u i d _ d e n s i t y * ( L o c _ W a v e _ h e i g h t A2 ) ) )
O U TFLO W S:
loss  =  i f  O b s t ru c t io n  =1 T H E N  , 7 * W A V E _ E N E R G Y  
+ m a x ( t o _ f r i c t i o n + W a v e _ E x p o r t , 0 )  E L S E  
m a x ( t o _ f r i c t i o n + W a v e _ E x p o r t , 0 )
c u r r e n t _ c o r r  = If  o r b i t a l _ v e l o c i t y  > C u r r e n t _ v e l o c i t y  T H E N  
C u r r e n t _ v e l o c i t y / o r b i t a l _ v e l o c i t y  E L S E  0 
C u r r e n t _ d i r e c t i o n  = 0 
c u r r e n t _ v e l o c i t y  = 0
D _ l e s s _ d e p t h  = ( W a t e r _ d e p t h * 9 . 8 ) / ( W i n d _ s p e e d A2)
D _ l e s s _ f e t c h  = ( F e t c h * 9 . 8 ) / ( W i n d _ s p e e d A2)
E r o s  = M A X ( P o t _ E r o s - D E L A Y ( P o t _ E r o s , l ), 0 )* C e l l _ s i z e
E r o s _ M i n  = E r o s * V _ p e r c _ M * 2 6 0 0
E r o s _ O r g  = Eros  %V _ p e r c _ 0 * l  100
F e t c h  = I F  ( W i n d _ d i r e c t i o n  = 1 ) O R ( W i n d _ d i r e c t i o n  =
3 ) O R ( W i n d _ d i r e c t i o n  = 5 ) O R ( W i n d _ d i r e c t i o n  = 7)  T H E N  
S Q R T ( c e l l _ s i z e )  E L S E  S Q R T ( c e l l _ s i z e ) * S Q R T ( 2 )
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g r o u p _ v e l o c i t y  = I F  ( W a v e _ p e r i o d  <=()) O R  ( W a v e _ L e n g t h  < = 0 )  
T H E N  0  E L S E
( . 5 * ( W a v e _ L e n g t h / W a v e _ p e r i o d ) * (  1 + ( ( 4 * P I * W a t e r _ d e p t h  ) / ( ( E X P ( (
4 * P I * W a t e r _ d e p t h ) / W a v e _ L e n g t h ) - E X P ( -
( 4 * P I * W a t e r _ d e p t h ) / W a v e _ L e n g t h ) ) / 2 ) ) ) )
L o c _ W a v e _ h e i g h t  =
( . 2 8 3 * ( W i n d _ s p e e d A2 ) * d e p t h _ H _ c o r r * f e t c h _ H _ c o r r ) / 9 . 8  
O b s t r u c t i o n  = 0
o r b i t a l_ v e lo c i ty  = IF  W a v e _ L e n g t h < = 0  T H E N  0  E L S E  
( ( W a v e _ h e i g h t * 9 . 8 *  W a v e _ p e r i o d ) / ( 2 *  W a v e _ L e n g t h  ) ) * ( 1 / ( ( E X P ( ( 2 *  
P I * W a t e r _ d e p t h ) / W a v e _ L e n g t h )  + E X P ( -  
( 2 * P I *  W a t e r _ d e p t h ) / W a v e _ L e n g t h  ) ) / 2 ) )
P o r o s i t y  = P O R E _ S P A C E / V t o t  
S e d _ b u l k _ d e n s  = s e d _ t o t _ w t / V t o t  
s e d _ e l e v  = V t o t / C e l l _ s i z e
s e d _ to t _ w t  =  S O I L _ O R G A N I C S + S O I L _ M I N E R A L S  
S h e a r _ r e s  -  , 2 * ( 1 + R o o t _ m a t _ d e n s i t y ) / ( 1 + V _ p e r c _ 0 + P o r o s i t y )  
S h e a r _ s t r e s s  = I f  o r b i t a l _ v e l o c i t y  > C u r r e n t _ v e l o c i t y  T H E N  
( . 5 * f r i c _ c o e f * F l u i d _ d e n s i t y  *( 1 + c u r r e n t _ c o r r A2 + 2 * c u r r e n t _ c o r r * C O S ( (  
A B S ( C u r r e n t _ d i r e c t i o n -
W i n d _ d i r e c t i o n ) * . 8 ) ) ) * S Q R T ( ( o r b i t a l _ v e l o c i t y )A2) )  E L S E  0 
s t r e s s _ e f f e c t  = I F  S h e a r _ s t r e s s  >  S h e a r _ r e s  T H E N  S h e a r _ s t r e s s -  
S h e a r _ r e s  E L S E  0
S u r f a c e _ w a t e r  =  W a t e r _ d e p t h *  c e l l _ s i z e  
T i d e  =  . 1 5 * S I N ( D a y M o d / ( P I ) )
t o _ f r i c t i o n  = I F  W a v e _ h e i g h t / W a t e r _ d e p t h  > .7 8  T H E N  
,4 * W A V E _ E N E R G Y  E L S E  ,2 * W A V E _ E N E R G Y  
V m  = l / ( (  l / S O I L _ M I N E R A L S ) * ( m i n _ d e n s i t y ) )
V o  = l / ( ( l / S O I L _ O R G A N I C S ) * ( O r g _ d e n s i t y ) )  { v o l u m e  o f  o r g a n i c  
s e d i m e n t  w i th  n o  p o r e  s pa ce .}
V to t  = V o + V m + P O R E _ S P A C E  {mA3}
V _ p e r c _ M  = V m / V t o t  
V _ p e r c _ 0  = V o / V t o t
W a t e r _ d e p t h  = m e a n _ w a t e r _ d e p t h + T i d e  
W a v e _ E x p o r t  = g r o u p _ v e l o c i t y * W A V E _ E N E R G  Y
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W a v e _ E x _ E  = IF  ( W i n d _ d i r e c t i o n  > 4 5 )  A N D  ( W i n d _ d i r e c t i o n < = l 35)  
T H E N  W a v e J E x p o r t  E L S E  0
W a v e _ E x _ N  = IF  ( W i n d _ d i r e c t i o n  > 3 1 5 )  O R  ( W i n d _ d i r e c t i o n < = 4 5 )  
T H E N  W a v e _ E x p o r t  E L S E  0 
W a v e _ E x _ N @ S  = 0
W a v e _ E x _ S  = I F  ( W i n d _ d i r e c t i o n  < = 2 2 5 )  A N D  ( W i n d _ d i r e c t i o n < l  35)  
T H E N  W a v e _ E x p o r t  E L S E  0 
W a v e _ E x _ S @ N  = 0
W a v e _ E x _ W  = IF  ( W i n d _ d i r e c t i o n  > 2 2 5 )  A N D  
( W i n d _ d i r e c t i o n < = 3 1 5 )  T H E N  W a v e _ E x p o r t  E L S E  0 
W a v e _ E x _ W @ E  = 0
W a v e _ h e i g h t  = S Q R T ( ( . 8 3 5 * W A V E _ E N E R G Y ) / F l u i d _ d e n s i t y ) 
W a v e _ L e n g t h  = 1 . 5 6 * ( W a v e _ p e r i o d A2 ) * S Q R T ( d e p t h _ L _ c o r r )  
W a v e _ p e r i o d  =
( 7 . 5 4 * (  W i n d _ s p e e d ) / 9 . 8 ) * d e p t h _ T _ c o r r * f e t c h _ T _ c o r r
d e p t h _ H _ c o r r  =  G R A P H ( . 5 3 * ( D _ l e s s _ d e p t h A.7 5 ) )
d e p t h _ L _ c o r r  = G R A P H ( ( 4 * W a t e r _ d e p t h ) / ( W a v e _ p e r i o d A2 ) )
d e p t h _ T _ c o r r  = G R A P H (  , 8 3 3 * ( D _ l e s s _ d e p t h A.3 7 5 ) )
f e t c h _ H _ c o r r  = G R A P H (  . 0 0 5 6 5 * ( S Q R T ( D _ l e s s _ f e t c h ) ) / d e p t h _ H _ c o r r )
f e t c h _ T _ c o r r  = G R A P H ( . 0 3 7 9 * ( D _ l e s s _ f e t c h A. 3 3 3 ) / d e p t h _ T _ c o r r )
f r i c _ c o e f  = G R A P H ( c u r r e n t _ c o r r )
P o r e _ e x p  = G R A P H ( ( S h e a r _ s t r e s s * P o r o s i t y ) * . 8 * V t o t )
P o t _ E r o s  = G R A P H ( s t r e s s _ e f f e c t )  
r c _ d e c o m p  = G R A P H ( s e d _ e l e v )
W a v e _ E x _ E @ W  -  G R A P H ( D a y M o d )
S l n o r g S e d i m e n t s
S O I L _ M I N E R A L S ( t )  = S O I L _ M I N E R A L S ( t  - dt)  + ( D I S _ f r m _ S l S  - 
D I S _ d n _ w a r p  - S I S _ f r m _ D l S )  * dt 
I N I T  S O I L _ M I N E R A L S  = (1-
i c _ V _ p e r c _ 0 ) * i c _ S e d _ e l e v :t:C e l l _ s i z e :t:m i n _ d e n s i t y * (  1 - i c _ p o r o s i t y ) 
IN F L O W S :
D I S _ f r m _ S I S  = IF M in _ d e p o s i t i o n  =1 T H E N  . ( ) 5 * S U S _ I N O R G _ S E D  
E L S E  0
OU TFLO W S:
D I S _ d n _ w a r p  = r c _ d o w n w a r p * C e l l _ s i z e * V _ p e r c _ M * ( l  -
P o r o s i t y ) * m i n _ d e n s i t y
S I S _ f r m _ D I S  - E r o s _ M i n
S U S _ I N O R G _ S E D ( t )  = S U S _ I N O R G _ S E D ( t  - dt)  + ( S I S _ f r m _ D I S  + 
S I S _ X _ i n  - S I S _ X _ o u t  - D I S _ f r m _ S I S )  * dt 
I N I T  S U S _ I N O R G _ S E D  = 0
I N F L O W S :
S I S _ f r m _ D I S  = E r o s _ M i n
S I S _ X _ i n  = S e d _ t o _ S @ N + S e d _ i n p u t + S e d _ t o _ W @ E + S e d _ t o _ N @ S  
OU TFLO W S:
S I S _ X _ o u t  =
M I N ( ( S e d _ t o _ S + S e d _ t o _ E + S e d _ t o _ N + S e d _ t o _ W ) , S U S _ I N O R G _ S E D )  
D I S _ f r m _ S I S  = IF M in _ d e p o s i t i o n  - 1  T H E N  . 0 5 * S U S _ I N O R G _ S E D  
E L S E  0
F l u i d _ d e n s i t y  = S i S _ c o n c  + 1 0 0 0 * ( l - ( S i S _ c o n c / m i n _ d e n s i t y ) )  
F l _ m u d _ y i e l d  = 0 . 0 0 0 0 4 9 * ( ( S i S _ c o n c * 1 0 ) A2 .5 )
M i n _ d e p o s i t i o n  = IF  S h e a r_ s t r e s s  < F l _ m u d _ y i e l d  T H E N  1 E L S E  0
S e d _ i n p u t  = M A X ( W a t e r _ d e p t h -
D E L A Y ( W a t e r _ d e p t h , l ) , 0 ) * O u t _ T S S _ C
S e d _ t o _ E  = M A X ( ( D E L A  Y ( W a t e r _ d e p t h , l  )-
W a t e r _ d e p t h ) , 0 ) * S i S _ c o n c * c e i l _ s i z e
S e d _ t o _ N  = 0 * S i S _ c o n c
S e d _ t o _ N @ S  = 0
S e d _ t o _ S  = ( )*S iS_conc
S e d _ t o _ S @ N  = 0
S e d _ t o _ W  = 0 * S i S _ c o n c
S e d _ t o _ W @ E  = 0
S i S _ c o n c  = IF  S u r f a c e _ w a t e r = 0  T H E N  0 E L S E  
S U S _ I N O R G _ S E D / S U R F A C E _ W A T E R
t o t _ s e d _ d n _ w a r p  = D I S _ d n _ w a r p + S e d _ O M _ d n _ w a r p  {k g / t }
1 4 5
$ O r g / S e d / S  o i l
S O I L _ O R G A N I C S ( t )  = S O I L _ O R G A N I C S ( t  - dt)  + ( S e d _ O M _ d e p o  - 
S e d _ O M _ d n _ w a r p  - S e d _ O M _ d e c o m p  - S e d _ O M _ s u s p )  * dt  
I N I T  S O I L _ O R G A N I C S  =
i c _ V _ p e r c _ 0 * i c _ S e d _ e I e v * C e l l _ s i z e * O r g _ d e n s i t y * (  1 - i c _ p o r o s i t y )
I N F L O W S :
S e d _ O M _ d e p o  = G R A P H ( H a b )
(0 ,  0)  (0 .8 ,  l e - 0 7 )  (1 .6 ,  1 .5 e -0 7 )  (2 .4 ,  7 e - 0 7 )  (3 .2 ,  2 e - 0 6 )  (4,  4 . 1 5 e -  
0 6 )  (4 .8 ,  6 . 6 e - 0 6 )  (5 .6 ,  7 . 9 e - 0 6 )  (6 .4 ,  8 . 3 5 e - 0 6 )  ( 7 .2 ,  8 . 0 5 e - 0 6 )  ( 8 ,
7 e - 0 6 )
O U TFLO W S:
S e d _ O M _ d n _ w a r p  = r c _ d o w n w a r p * C e l l _ s i z e *  V _ p e r c _ 0 * O r g _ d e n s i t y  
S e d _ O M _ d e c o m p  = r c _ d e c o m p * S O I L _ O R G A N I C S  
S e d _ O M _ s u s p  =  E r o s _ O r g
A P P E N D I X  C
W r i t t e n  p e r m i s s i o n  o f  p u b l i s h e d  w o r k ;  c o p i e s  o f  t i t le  p a g e s  a n d  
u s e d  f o r m a t  f o r  r e f e r e n c e s  w h i c h  a r e  a c c o r d i n g  to  the  f o r m a t  u s e d  
in  the  j o u r n a l  " W e t l a n d s " .
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High Precision Measurements of 
Sediment Elevation in Shallow 
Coastal Areas Using a 
Sedimentation-Erosion Table
R O l t t . O F  M .  J .  U o i J M A N S  
J o h n  VV. D a y , J u .
D e p a r t m e n t  of  O e e a u o g r u p h y  m u !  C o a s t a l  Sc ienc es  
m u !
C o a s t a l  E c o l o g y  I n s t i t u t e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  
B a t o n  R o u g e ,  L o u i s i a n a  7 0 S 0 3
A B S T K A C T :  T h e  u s e  o f  a  s e d i i u c r X a l i o n - e r o s i o n  t a b l e  ( S E T )  
f o r  t h e  m e a s u r e m e n t  o f  s m a l l  c h a n g e s  i n  s e d i m e n t  s u r f a c e  
e l e v a t i o n  i n  i n t e r t i d a l  a n d  s h a l l o w  s u h t i d a l  a r e a s  i s  d e s c r i b e d .  
T h e  S E T  p r o v i d e s  a  c o n s t a n t  r e f e r e n c e  p l a n e  i n  s p a c e  f r o m  
w h i c h  t h e  d i s t a n c e  t o  t h e  s e d i m e n t  s u r f a c e  c a n  b e  m e a s u r e d  
b y  l o w e r i n g  p i n s  t o  t h e  s u r f a c e .  T h e  p r e c i s i o n  o f  t h e  m e t h o d  
w a s  d e t e r m i n e d  b y  r e p e a t e d  m e a s u r e m e n t s  i n  c o a s t a l  m a r s h ­
es ,  m u d f l a t s ,  a n d  s u h t i d a l  a r e a s  i n  L o u i s i a n a  a n d  C c o r g i n .  
T i r e  «o n f i d i - i K  < i t i l r i v n ]  o f  t h e  S I ' . T  is  n l i o u l  ! 1 .5 ru n t .  T h e  
M  l i s  i i i m r  if p i n s  H i e  i u u e i r d  n v i i n i i id l y  a n d  i l i e
s e d i m e n t  s u i  I a t e  i s  d e l e i  m i  n e d  v i s u a l l y  t h u n  If p i n s  u r c  l o w ­
e r e d  b y  g r a v i t y  a n d  t h e  s e d i m e n t  s u r f a c e  i s  d e t e r m i n e d  b y  
s o i l  r e s i s t a n c e .
I n t r o d u c t i o n
S e d i m e n t  e l e v a t i o n s  i n i n t e r t i d a l  a m i  s h a l l o w  
s u h t i d a l  c o a s t a l  a r e a s  a r e  c o n s t a n t l y  c h a n g e d  h y  
s u c h  f a c t o r s  as  t i d e s ,  s t o r m  a c t  i vi t y ,  s u b s i d e n c e ,  a n d  
b i o t i c  a c t i v i t y .  A n n u a l  e l e v a t i o n  c h a n g e s  in c o a s t a l  
w e i l a n d s  r a n g e  f r o m  l es s  t h a n  0 . 0 1  c m  y r " 1 i n  s t a ­
b l e  s e d i m e n t - s t a r v e d  a i e a s  t o  a s  m u c h  a s  a b o u t  5 
c m  y r ' ' 1 i n a r e a s  w i t h  h i g h  s e d i m e n t a t i o n  r a t e s  
( L e t z s c h  a n d  F r e y  1 9 8 0 ,  A n d e r s o n  e t  a l .  1 9 8 1 ;  B a u -  
i n a n n  et  a l .  198-1;  R e j m a n e k  e l  a l .  1 9 8 8 ) .  T h e r e  
a r e  l o n g e r  t e i m  c h a n g e s  i n  s e a  l e v e l  t h a t  l e a d  t o  
c h a n g e s  in t h e  s u r f a c e  e l e v a t i o n  i n  s h a l l o w  c o a s t a l  
a r e a s .  T o r  t h e  l as t  c e n t u r y  t h e r e  h a s  b e e n  a n  a v ­
e r a g e  e u s t a t i c  s e a  l ev e l  r i s e  o f  1 - 2  m m  y r " 1 ( G o r -  
ni i / .  e t  a l .  1 9 8 2 ) .  I n  c o a s t a l  a r e a s  w i t h  h i g h  s u b s i ­
d e n c e  r a t e s ,  s u c h  as  t h e  Mi s s i s s i p p i  d e l l a ,  r e l a t i v e  
s e a  l e v e l  r i s e  c a n  e x c e e d  o n e  c m  yr  1 ( B a u m a n n  e t  
al .  198-1).  C o a s t a l  w e t l a n d s  m u s t  g r o w  v e r t i c a l l y  a t  
t h e  s a m e  r a t e  a s  l o c a l  w a t e r - l e v e l  r i s e  i f  ( h e y  a r e  
t o  s u r v i v e  o v e r  t h e  l o n g  t e r m .
P r e c i s e  m e t h o d s  f o r  m e a s u r i n g  t h e s e  c h a n g e s  i n 
t h e  e l e v a  t i o n  o l  t h e  set  I mi e i  it s o  c l a v e  a t  e  n e c e s s a r y  
t o  d e l  e  i mi ne r  t h e  r a t e s  o l  e l e v  a t  i o n  c h a n g e  a n d  t o  
g a i n  a n  u n d e r s t a n d i n g  o f  t h e  p r o c e s s e s  r e s p o n s i b l e
f o r  t h e  c h a n g e s .  M e i h o d s  w h i c h  h a v e  b e e n  u s e d  t o  
s t u d y  t h e s e  c h a n g e s  i n c l u d e  r a d i o t r a c e r s  s u c h  as  
,17C s  ( D c L a u n e  e t  a l .  1 9 7 8 ) ,  m a r k e r  h o r i z o n s  
( Le t / . s e l l  a n d  T r e y  1 9 8 0 ;  C a h o o n  a n d  T u r n e r  1 9 8 9 ) ,  
r a r e  e a r t h  h o r i z o n s  ( K n a u s  a n d  G e m  1 9 8 7 ) ,  s e d i ­
m e n t a t i o n  p i n s  ( L e t z s c h  a n d  F r e y  1 9 8 0 ;  I V t h i r k  
a n d  R e e d  1 9 8 7 ) ,  a n d  p r e c i s i o n  s u r v e y i n g  ( A n d e r ­
s o n  e t  a l .  1 9 8 1 ) .  ' T h e s e  m e i h o d s  h a v e  s e v e r a l  l i m ­
i t a t i o n s  a n d  t h e  a c c u r a c y  o f  m o s t  o f  t h e m  h a s  n o t  
b e e n  d e t e r m i n e d .
M a r k e r  h o r i z o n s  a r e  n o t  s t a b l e  r e f e r e n c e  p o i n t s  
a n d  t h e r e f o r e  g e n e r a l l y  n o t  u s e f u l  t o  m e a s u r e  e l ­
e v a t i o n  c h a n g e  ( B a u m a n n  a n d  A d a m s  1 9 8 1 ;  C a ­
h o o n  a n d  T u r n e r  1 9 8 9 ) .  E r o s i o n  p i n s  m e a s u r e  s e d ­
i m e n t a t i o n  a n d  e r o s i o n ,  b u t  t h e  p i n s  a r e  v e r y  
s e n s i t i v e  t o  d i s t u r b a n c e .  S t a k e s  a n d  r o d s  h a v e  b e e n  
u s e d  t o  m e a s u r e  e l e v a t i o n  c h a n g e s  at  l e a s t  s i n c e  
1 9 4 9  ( H a r b o r d  1 9 4 9 ;  R e s t r o n g  1 9 6 5 ;  R e e d  1 9 8 9 )  
b u t  t h e  a c c u r a c y  h a s  n o t  b e e n  r e p o r t e d .  P r e c i s i o n  
s u r v e y i n g  c a n  p r o v  i d e  e l e v a t i o n  c h a n g e .  A n d e r s o n  
e t  a l .  ( 1 9 8 1 )  c o m p a r e d  t h e  m e a n s  o f  9 8  p o i n t s  o n  
i n t e r t i d a l  m u d  Ha t s  s u r v e y e d  t w i c e  w i t h i n  a t wo -  
d a y  p e r i o d  a n d  < a l eu  la I e d  a 9  5 c o n f i d e n c e  i m e i  - 
v.ii ( ( ’I) o l  I 0 . 5  < in.  T h e  i n c l i n ' d  w o u l d  III.el)'  h e  
m u c h  l ess  a c c u r a t e  in w e t l a n d s  a n d  s u h t i d a l  a r e a s  
w h e r e  t h e  d e t e r m i n a t i o n  o f  t h e  s u r f a c e  w o u l d  b e  
m u c h  m o t  e  d i f f i c u l t .
I n  t h i s  p a p e r  w e  r e p o r t  o n  t h e  u s e  o f  a s e d i m e n -  
t a t i o n - e r o s i o n  t a b l e  ( S E T ,  F i g .  1), a n o n d e s t r u c t i v e  
m e t h o d  f o r  p r e c i s e l y  m e a s u r i n g  e l e v a t i o n  o l  i n t e r ­
t i d a l  a n d  s u h t i d a l  w e t l a n d s  o v e r  l o n g  p e r i o d s .  O u r  
d e s i g n  is d e r i v e d  f r o m  t h e  S F . T  u s e d  b y  S c h o o l  a n d  
d e  J o n g  ( 1 9 8 2 ) ,  r e p o r t e d  a s t a n d a r d  e r r o r  o f  0 , 0 8  
c m  w i t h  a  9.r)9< C l  o f  ± 0 . 4 5  c m .  I n  t h i s  p a p e r  w e  
d e s c r i b e  t h e  p r e c i s i o n  e l  a m o r e  v e r s a t i l e  S F . T  f o r  
u s e  i n  a w i d e r  v a r i e t y  o f  e n v i r o n m e n t s .
M e t h o d s
S t k u c t t m u  o r  t h e  S e d i m e n t  a t t o n -F. k o s i o n  
T a b l e
T h e  S H I '  h a s  a  s u p p o r t i n g  a l u m i n u m  b a s e  p i p e  
( 10  c m  d i a m e t e r ,  1 m m  wa l l  t h i c k n e s s )  p l a c e d  p e r ­
m a n e n t l y  a t  e a c h  s i t e  t h a t  is d e s i g n e d  t o  r e c e i v e  
t h e  u p p e r  p o r t a b l e  p a r t  o f  t h e  S F . T  ( F i g .  I )  T h i s  
c o r e  p i p e  w a s  d r i v e n  i n t o  t h e  soi l  t o  r e f u s a l  u s i n g  
e i t h e r  a  v i h r a c o r e r  o r  a  h a n d - h e l d  p i l e  d r i v e r  a s  
n e a r  t o  v e r t i c a l  a s  p o s s i b l e .  T h e  c o r e  p i p e  w a s  t h e n  
c u t  o i l  .i f e w  c m  a b o v e  t h e  s e d i m e n t  s u r f a c e  a n d  
f i l l e d  t o  w i t h i n  a m e t e r  o f  t h e  s u r f a c e  w i t h  ( j ui vk-  
s e t l i n g  M ' l n r t i l ,  T h e  e l e v a t i o n  o l  ( h e  l o p  n i  t h e  
p i p e  a f t e r  c u t t i n g  wi l l  v a i y  d e p e n d i n g  o n  w a l e i  
d e p t h  a t  t h e  s i t e  a n d  t h e  t i d a l  r a n g e .
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SPB  A cadem ic P u b lish in g  bv, T he  Hague
A polygon-based spatial (PBS) model for simulating landscape change
R o d  M . J .  B o u m a n s 1 a n d  F red  H .  S k l a r 2
1 C o a s ta l E c o lo g y  In s ti tu te , L o u is ia n a  S ta te  U n ivers ity , B a to n  R o u g e , L A  70808, U S A ; 2B a ru ch  M a r in e  
L a b o ra to ry , P .O . B o x  1630, U n iv e rs ity  o f  S o u th  C a ro lina , G e o rg e to w n , S C  29442 , U S A
K ey w o rd s :  l a n d s c a p e  eco log y ,  w e t l a n d ,  s w a m p ,  m a r s h ,  success io n ,  L a k e  P o n t c h a r t r a i n ,  L o u i s i a n a
A b s t r a c t
A sp ati a l m o d e l  o f  long te rm  h a b i t a t  success io n  at a d eg r a d in g  L o u i s i a n a  w e t lan d  w as  co n s t r u c te d  based  u p o n  
s im u la t in g  exchanges '’ ac ro ss  i r reg u la r ly  s h a p e d  p o ly g o n s .  P o ly g o n s  r e p re sen ted  the  n a t u r a l  m o r p h o l o g y  
w hich  is in d ica t iv e  o f  the  n a tu r a l  l a n d s c a p e .  T h e  P B S  m o d e l  was p a r O a b y  success fu l in s im u la t in g  spati a l 
h a b i ta t  changes  o v e r  a 28-year  p e r io d  w h e n  m o r e  th a n  1000 h a  o f  w e t land  loss o cc u r r e d  ( r2 =  .56). G en e ra l  
l a n d sc a p e  t r e n d s  d id ,  h o w ev e r ,  em erg e  f r o m  the  m od e l  d e v e lo p m e n t .  A reas  o f  h igh  a n n u a l  w a te r  level f lu c tu ­
a t io n s ,  an d  h igh  p r im a r y  p ro d u c t iv i t y  were less likely to  c h a n g e  f r o m  w e t lan d s  to  o p e n  w a te r  a n d  w ere  m os t 
likely  to  recove r  i f  a l te red .  W e d iscuss  th e  po te n t ia l  fo r  p red ic t iv e  im p r o v e m e n t  a n d  fo r  in t e g r a t io n  with  
p o ly g o n -b a se d  g e o g r a p h ic  i n f o r m a t i o n  sy s tem s ,  a n d  co n c lu d e  tha t  a  P B S  m o d e l  d e m o n s t r a t e s  th e  need  for  
spa t i a l ly  explicit  l a n d sc a p e  m a n a g e m e n t .
I n t r o d u c t io n
Explici t in c o r p o r a t i o n  o f  spati a l p a r a m e te r s  in to  
ecologica l s im u la t i o n  m o d e ls  is im p o r t a n t  because  
o f  the s t r o n g  sp ati a l aspec t o f  m a n y  ecolog ical 
p rocesses .  A s  a  resu lt :  dec is ions  m a d e  by  e n v i r o n ­
m e n ta l  r e g u la to r y  agencie s  o f te n  r e q u i r e  i n f o r m a ­
t io n  on  spati a l a n d  te m p o r a l  response*  (W eins te in  
a n d  S h u g a r i  1983, Risser  e t  a l. 1984, S k la r  e t al. 
1985, F o r m a n  a n d  G o d r o n  1986, T u r n e r  1987). F o r  
ex a m p le ;  h o w  will the  p la cem e n t  o f  d ik e s  an d  weirs 
a l te r  fish m i g r a t i o n ,  o r  h o w  d oes  th e  a l t e r a t io n  o f  
w a te r  f low p a t te r n s  im p ac t  m a r sh  p r o d u c t iv i t y ,  or  
w ha t  types  o f  coasta l  d e v e lo p m e n t s  lead  to  h a b i ta t  
m o d i f ic a t io n s  ( C h a b r e c k  1972, M e n d e l s s o h n  e t  a!. 
1983, Ste iner  1983, C o s t a n z a  e ta l .  1986)7 T h e s e  d e ­
cisions  a re  d i f f i cu l t  to m a k e  w i th o u t  a t  least a  c o n ­
ce p tu a l  m o d e l  o f  spat ial  i n t e rac t io n s .  T h e n  a n  im ­
p o r t a n t  q u e s t i o n  is, h o w  d oes  o n e  i n c o r p o r a t e
spa t ia l  in t e rac t io n s ?  T o  ad d ress  th is  q u e s t i o n  we 
p resen t  a s p a t ia l  m o d e l  o f  a case  s tu d y  w hich  uses 
w e t l an d  loss  in L o u i s i a n a  as the  fo cu s  fo r  analys is , 
i r regu la r  s h a p e d  gr id  cells ( i .e ., p o ly g on s )  as the 
spa t i a l  c las s i f ica t ion ,  a n d  p o p u la t i o n  in te rac t io n  
e q u a t io n s  ( M a y  a n d  M a c A r t h u r  1972; M a y n a r d  
S m i th  1974) a s  th e  b as is  fo r  h a b i ta t  success io n .
N u m e r o u s  r e sea rc h e r s  h av e  d o c u m e n te d  th a t  
w e t lan d s  in L o u i s i a n a  ar e  d im in is h in g  a t  a r a te  es ti ­
m a te d  to  be  as  h igh  as  100 k m 2 a  y ea r  ( G ag l iano  
a n d  v an  Beck 1970; A d a m s  e t a l. 1976; C ra ig  et al. 
1979; H o p k i n s o n  a n d  D ay  1980; G a g l i a n o  e t al. 
1981; Bocsch  1982; Sca i fe  e t a l. 1983; L e ib o w itz  et 
a l. 1988; T u r n e r  a n d  C a h o o n  1967). F ac to r s  in f l u ­
e nc in g  land  loss inc lude: ( I )  ris ing sea  levels, (2) 
s u b s id en ce  o f  de l ta ic  se d im en ts ,  (3) n u t r ien t  a n d  in ­
o r g a n i c  s ed im en t  d ep le t i o n ,  (4) cana l  c o n s t r u c t io n  
(5) sa lt w a te r  in t r u s io n ,  a n d  (6) dec re as in g  bio-  
p ro d u c t iv i ty .  A t t e m p t s  to  m o d e l  land  loss as the
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